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THE GIFFORD-UDALL PRESTRESSING SYSTEM 


No Royalties are charged on available to engineers and con- 
the use of this simple, econo- tractors. The jacks, anchorages, 
mical system. It is so versatile high tensile steel, grout pumps 
and adaptable that complete and vibrators are all avail- 
freedom in design is able from Killicks. 


“KitLick’s 
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SIEMENS 
INDIA 
















Wide choice of 
electrical equipment 


SIEMENS offer standardised electrical products 
manufactured in India under their licence. 
With an experience of over 100 years in 

the manufacture of electrical goods, clients 

are assured of maximum plant efficiency 
through reliable SIEMENS standardised electrical 
equipment. The equipment manufactured 

will be specially suitable to withstand tropical 
conditions in India. 
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Electrical equipment 
manufactured in India 

under licence SIEMENS 
Germany : Motors, 
Transformers, Wires, Cables, 
Switchgear and Meters. 


SIEMENS ENGINEERING & MANUFACTURING CO. OF INDIA PRIVATE LTD. 


BOMBAY - CALCUTTA » NEW DELHI - MADRAS - BANGALORE - AHMEDABAD + VISAKHAPATNAM 
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BUILDING INDIA’S FUTURE 


The complete Penstocks required for the well-known Rihand Hydro-Electric Scheme were 
manufactured and supplied by the Indian Hume Pipe Co. Ltd. from their workshop near the 
site of the Project, 

The Company have put up another up-to-date factory at Hadapsar, to manufacture Penstocks 
of any size with mild steel or high tensile up to a wall thickness of 2 inches. This factory has 
a fabrication capacity of over 10,000 tons per annum and will meet with the entire require- 
ments of Penstocks, all over the country, under the Second and Third Five Year Plans. At 
present, the factory is fabricating huge underground Penstocks for the Koyna Project, which 
are 10° and 17’ in diameter. 








THE INDIAN HUME PIPECO. LTD. A Walchand Group Industry Construction House,Ballard Estate,Bombay I. 
; Shilpt ihp 1047 
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WHAT IS A TIMKEN 
TAPERED ROLLER 
BEARING? 


It’s a roller bearing which is tapered in design 
so that it can take radial and thrust loads or 
any combination. At the right is a cutaway 
view of a portion of a Timken bearing 
showing one of the tapered rollers (a), the 
inner (b), and outer (c), races and cage (d). 
The tapered design of Timken _ bearings 
enables them to roll the load and distribute 
the load along a full line of contact between 
rollers and races. That’s why a Timken 
tapered roller bearing often does the work of 
two ordinary bearings—eliminates the need 
for thrust devices. And Timken bearings 
are geometrically designed and precision 
manufactured to roll true. 


You'll find Timken tapered roller bearings in 
machines all around the world. Specify Timken 
bearings to get the best performance. The 
Timken Roller Bearing Company. Canton 6. 
Ohio. U.S.A. Cable: “TIMROSCO”. Timken 
bearings manufactured in Australia, Brazil, 
Canada, England, France and U.S.A. 





REGISTERED TRADE-MARK 


tapered roller bearings 


Representative: Muller & Phipps (India) Private Ltd. Bombay . Madras 














. New Delhi 


NATIONAL CL-9-763 
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HAVE YOUR EARTHMOVER 
TYRES RETREADED 


There is NOTHING to be gained by running a 
tyre to destruction on any project where 
pneumatic-tyred Earthmoving units are used. 
Throughout the world, job records prove that 
a large SAVING can be effected by having 
Earthmover tyres retreaded BEFORE THEY 
HAVE WORN TOO FAR. 

The Firestone tyres presently used on YOUR 
Earthmoving units, have fine NYLON carcasses 
which, if not subject to abuse, will long 
outlast their initial rubber treads. 

Firestone Territory Managers are always ready 
to visit YOUR PROJECT to assist in the initial 
selection of Earthmover tyres for retreading. 
Contact your nearest Firestone District 

Office or Depot today! 


_ MM ll eee: jj 


( UJ ] OPERATING COSTS 
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- Building Big Generators for Big Jobs! 





The generator on the right is the second 
largest of its type in the world. It was built 
by Toshiba for installation at Japan’s new 
development project, the Okutadami Power 
Station. It generates 133,000 kVA and was 
designed big to do a big job. For information 
about this or any other type of equipment 
necessary for generating or transmitting electric 


power, be sure to consult Toshiba. 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Japan. Cable: TOSHIBA TOKYO 
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a 1 KV. H.T. Ring 
Main Tee-off 
Equipment 





H.T. & L.T. 
OIL CIRCUIT BREAKERS 
AND SWITCH BOARDS 


Manufactured to the designs of Jj. G. STATTER & 
Co. Ltd., England. Finest materials, first class 
designs and workmanship ensure the high quality 
of MEI Switch Gear. Thousands are operating to- 
day all over India in the vast hydro-electric 
distribution systems 
Manufactured by : 
THE MYSORE ELECTRICAL INDUSTRIES LTD. 
Bangalore. 


Sales & Service: $4 A Px C 
INDUSTRIAL & AGRICULTURAL ENGUNEERING CO CO. (BOMBAY) PVT. LTD. 
Forbes Street, Bombay |! 
sy Branch at: ‘K’ Block, Chawdhary * ae — 
‘ Circus, New Delh 


Associated Offices 
MADRAS, CALCUTTA, BANGALORE, HYDERABAD (DN.) 


















Horizontal L.T. 
Drawout Circuit 
Breaker 








Panel Mounting 
tt KV. H.T. L.T. Circuit Non-Drawout 
Oil Circuit Breaker L.T. Oil Circuit 
Breaker re Breaker 
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Penstocks, pressure shaft linings, 
Substation steel structures 

Gantry and overhead travelling cranes 
Pylons, water gates 








Pressure test and Electric Strain Measuring carried out on the manifold of 
the KOYNA POWER STATION (Maharashtra State). Test pressure 1420 psi. 
Diameters 8'6”/2 6’. Thickness |” 27/32 and |” 37/64. Weight 40:5 tons. 


4 OVA N O LA Monthey - Switzerland 
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BILLETS FROM 
DURGAPUR 
STEELWORKS 


ISCON’s third unit of the Rolling Mills 
Plant—the Continuous Billet Mill—was 
commissioned within a few weeks of 
the Primary and Intermediate Mills going 


into operation. 

This mill will be able to produce semi- 
finished products and to materially 
assist in the country’s requirements for 
re-rolling. 


<P? RP we 
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ISCON 


INDIAN STEELWORKS CONSTRUCTION CO. LTD. 
Davy and United Engineering Company Limited. 


Head Wrightson & Company Ltd. Simon-Carves Ltd. 


The Wellman Smith Owen Eng. Corp. Ltd. 
The Cementation Company Ltd. 

British Thomson-Houston Co. Ltd. The English 
Electric Co. Ltd. The General Electric Co. Limited. 
Metropolitan-Vickers Electrical Export Co. Ltd. 
Sir William Arrol & Company Ltd. 
Cleveland Bridge & Engineering Co. Ltd. 
Dorman Long (Bridge & Engineering) Ltd. 
Joseph Parks & Son Ltd. Iscon Cable Group 
(Siemens Edison Swan Ltd. 
and Pirelli General Cable Works Ltd.) 
BRITISH COMPANIES WORKING FOR INDIA 





| 
| 
| 
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Gurley Current Meters 
for measuring stream velocity 











nm: FRESH WATER—rivers, streams, canals, lakes 


SALT OR BRACKISH WATER—with a newly-designed salt 
water model 


SHALLOW OR SLUGGISH STREAMS —with the Pygmy 


Current Meter 


INDUSTRIAL WASTE AND SEWAGE —where solids permit 
... the Gurley Current Meter is made of non-corroding materials 





Gurley Current Meters have been the standard of the profession 
since 1870. Highly-standardized, easily-disassembled for cleaning, simple, 
precise and rugged. 





Distributors * 


MOTWANE | 


PRIVATE LIMITED 


Incorporating : 


EASTERN ELECTRIC & ENGINEERING COMPANY PRIVATE LIMITED 


And 


CHICAGO TELEPHONE & RADIO COMPANY PRIVATE LIMITED 


Electronic, Electrical & Mechanical Engineers and Contractors 


Jom 


127 Mahatma Gandhi Road, P B No 1312. Bombay-! Phone 252337 (3 lines) Grams. CHiPHONE' all offices 
Bronches at: New Delhi, Calcutts, Lucknow, Madras, Bangalore and Secunderabad 


re 
SISTA'S.EE-87 
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SELENIUM 











RECTIFIERS 




















Now assembled in India. 
Also Battery Chargers & Rectifier 
equipment for AC/DC conversion; 
Power Packs & Battery Eliminators. 























Enquiries to 


ELECTRICAL 
ENGINEERING DEPT. 


MARTIN BURN LTD., 
MARTIN BURN HOUSE, 
12 Mission Row, Calcutta | 



































Branches at: 


Delhi Bombay Kanpur 
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MEEC-S 
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FOR HEAT & COLD INSULATION 


Fuel wastage?...Greater coal, oil 
and electricity consumption?...Higher power 
costs? Lioydwool Insulation is the answer! 
Lloydwool insulation carefully felted and secured 
with metal fabrics, insures greatest possible conserva- 
tion of heat...saves wasted power. Eliminate waste 
and improve profits with Lloydwool—the permanent 
insulation material! 

























Extensively used for 
Boilers and Steam Pipes * Sugar Mills * Industrial 
Furnaces * Chemical Plants and Tanks » Ovens 
Oil Refinery Towers * Gas plants « Ships * Railway 
Carriages * Locomotives * Refrigeration plants 
Chilled water pipes * Air-conditioning Ducts. 


Proven Lloydwool insulation improves 
productivity...increases profits! 













Advice and information from: 
Lloyd Insulations (New Delhi): 
M-13, Connaught Circus, New Delhi. Tel: P.B.X. No. 44383 
Lloyd Insulations (Calcutta): 
$, Clive Row, Calcutta. Tel: 22-7479 
Lloyd Insulations (Madras): 
Best & Co. Bldg. 13/15, North Beach Road, Madras !. Tel: 21231-8 
Latham Abercrombie & Co. Private Ltd. 
Forbes Bidg. Home Street, Bombay |. Tel: 26808! 


Lwe.52 





























Sema he latest design 


“oe 


WATER“POWER PLANTS 


for the utilization of water power are the eight Blade Kaplan Turbines for 
56 m head and 68,000 HP of unit output for the Slapy-Water Power Plant 


and 


the ten Blade Kaplan Turbines for 70,50 head and 129,000 HP of unit output 
for the Orlik-Water Power Plant. 


We have now accomplished designs even for high and very fluctuating 
heads rendering the most economic utilization of these heads possible. 


; 


The Czechoslovak primality in this region was confirmed on the Fifth 
World Energetics Conference held in 1956 in Vienna. 


The pioneer work of Czechoslovak research engineers and long tradition 
of the reliable work of our technicians and workers will guarantee to you 
the best results in the utilization of water power. 


EXPORT Foreign Trade Corporation for 
= EXPORT of Complete Industrial Plants. 
PRAHA-CZECHOSLOVAKIA 


Local Enquiries to: 


SKODA (INDIA) PRIVATE LTD. 


Vulcan Insurance Building, Vir Nariman Road, Bombay-! 
Branches : 


National Insurance Building, Agurchand Mansicn, 
Parliament Street, P.38, Mission Row Extension, 35, Mount Road, 
New Delhi Calcutta-13 Madras-2 


Visit our display stands at the Brno International Trade Fair, |! —25th September, 1960. 
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We are 
at your service 








Intersecting tracks for mobile 





cranes, Scissors crossover for dock 
installations, single turnouts, 


symmetrical tandem turnouts, three 








throw turnouts, diamond crossings, 
outside double slips etc. manufactured 
to British Standard Specifications 


for all your haulage requirements. 


Simplex diesel locomotives 
provide the ideal answer to all 
traction problems. Robust 
construction, easy manoeuvrability, 
finger tip control etc. are 


its outstanding features. 





We can also supply your requirements 


of rails, rail fastenings, fish plates. 


tipping wagons, mining equipment etc. 


BOX NO. 12, MADRAS.1. é& 
BOX NO. 506, BOMBAY.-1. 

BOX NO. 208, CALCUTTA-1! 

- BOX NO. 172, NEW DELHI. 


Sole Agents for India: 


. vv 
99909 
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SWITCHGEAR UPTO 525 kV 





ke Representatives in India 


Fae BATLIBOI & COMPANY 
Small Oil Volume or Proprietors 
Breaker 66 kV, 1500 MVA, BHOGILAL LEHERCHAND 

with associated Current 

Transformers and Lightning PRIVATE LIMITED 

Arresters at Broach Sub- Head Office: Forbes Ssreet, Fort, Bombay 
station, Bombay State Elec- 
tricity Board. 





Branches. Madras - Calcutta - Delhi - Ahmedabad - Coimbatore - Kanpur - Vijayawada 
Secunderabad-Dn, Associates in Bangalore 





SISTA'S-B-14) 
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is a ticklish 
business... 
and an expert's job 


excavation 
“4 





Yes it is, and that is why more than 350 
RUSTON-BUCYRUS & BUCYRUS ERIE 
machines are in the field. There isn’t 
any project in which they are not in 
use... for example: 

The Indian Army * The Indian Railways 
Damodar Valley Corpn * Mayurakshi 
Project * Kangsabati Project * Bhakra- 
Nangal - Hirakud ‘ Delta Irrigation Project * Kosi 
Project * Kakrapara Project * Mahi Project ‘ All the 
Ports in India * National Cval Development Corpn. 
Private Ltd * Hindustan Steel Private Ltd * Ganga 
Bridge Project * Chambal Scheme * Tungabhadra 
Scheme * Nagarjunasagar Project * Rihand Project 
Bhavanisagar Project * Neyvelli Lignite Project etc., 
etc... too numerous to mention. 


Ruston Bucyrus & Bucyrus-Erie Excavators, 
Blast Hole Drills and Water Well Drills are 
widely used in practically all States and in 
almost all mechanized Open Pit Mines and 
Quarries all over the country, and in all Well 
Drilling Schemes. 






10 RB 3/8 
CuBIC YARD 
EXCAVATOR 


RB WATER- 
WELL ORILe 


38 RB 
ORAGLINE 


Sold & Serviced by; 


GREAVES COTTON & CO. LTD. 


Bombay Ahmedabad. Bangalore, Calcutta, 
Coimbatore Kanpur Madras New Delhi 
Ralli House, P. B. No. 702, 16 Hare Street, Calcutta ?. 
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SWITCHGEAR For © 
POWER DISTRIBUTION 


TYPE ‘MC’ FUSE SWITCH DISTRIBUTION BOARD 


Totally enclosed, 
unit type 
construction, 
fitted with 

HRC Fuses. 


Easy to Install, 
Extend and 
Modify 


















Large capacity 
type MC 
fuse-switch 
distribution board, 
_ with sectionalised 
busbars. 


Small type MC 
distribution boards 
in a textile mill, 
one section 
supplying each floor 
of the building. 


ASSOCIATED ELECTRICAL INDUSTRIES (INDIA) PRIVATE LIMITED. 


Head Office: CROWN HOUSE, 6, MISSION ROW, CALCUTTA 
Branches at: BOMBAY NEW DELHI MADRAS BANGALORE COIMBATORE NAGPUR 





AEI’S ‘Light’ Products—-MAZDA LAMPS 


AIC-228 








Kariba Hydro-Electric Scheme 





This is a new hydro-electric project on a 1700 
miles lceng Zambezi river in Africa situated at about 
100 miles North-west of Salisbury at the boundary 
between the North and South Rhodesia. It is 250 
miles downstream cf Livingstone and Victoria Falls 
and is centrally placed for distribution of electric 
power to the copper belt of Northern Rhodesia and 
the industrial development cf Southern Rhodesia. 
The head available is about 310 ft. and the lake will 
be 175 miles long and 40 miles wide, covering 2300 
sq. miles. 

The pewer station will be 150C mW of which the 
I siage is 600 mW (6 x 100 mW) and II stage 900 mW. 

At ancther site between Kariba and the Falls 
offers a possibility to develop a head of cver 500 ft. 
and at a third site in Mozambique where a larger 
block cf power than at Kariba can be utilised. 
The dam at Kariba is of the arch type 46 fi. high to 
provide stcrage and necessary head fcr the power 
plant and incidentally regulate the flow of water 
completely. There will be two underground power 
stations, one cn each bank of the river and close to 
the dam. Only very compact diversion will be 
necessary. 

The I stage comprises the entire dam, a power 
station on the right bank of 600 mW (6x 190 mW). 
Two sets are now installed and the rest will be in- 
stalled by 1962. 

The II stage consists of the left Bank Power 
House of a capacity 900 mW to be ready to 1962. 
This will be extended by 300 mW to the final of 
1202 mW. Thus the total capacity of the project 
will be 1500 mW and ultimately 1800 mW. The 
tctal annual output will be 8500 mkWhr. The 
development to the ultimate capacity will depend 
upon the load factor of the network for I and II 
phase, or the peak load. When the operation of 
the reservoir is fully achieved the total cutput will 
be known. The spillway is controlled by 6 sluice 
gates below the lowest operating level. Anti-scour 
arrangements are not necessary as the depth of the 
tail water gives adequate cushioning. The jet from 
the sluices also thrown the water clear off the dam. 

The pewer house of the I stage is laid out in the 
conventional manner underground with the trans- 
formers in a separate Hall. The draft tube gates 
are linked with the penstccks in the same shaft. 
There are surge chambers on the downstreams side 
of the tail water, since there is back pressure on the 
turbines. 

The installed capacity is big enough to meet the 
maximum demand which entails close reguiation of 
the constructicn programme. The cost involved is 


Dr. B. K. R. PRASAD 


high and had to be incurred in any case. A very 
large transmissicn system is involved. 

he site selected for the dam is-2 miles from the 
upsireams end cf the gorge resulting in a dam whose 
length at the rcad level (1606 ASL.) is 2025 ft. and 
height above foundations 420 ft. The rock in the 
gcrg: is a gnvissic mountain mass, with dykes of 
granitic pegmatiie cutting across the gneiss in vari- 
cus directions but playing only a subordinate part. 
The grey gneiss is by far the predominant rock. 
Although the right bank is covered with quartzite 
above approximate level 1450 ASL. Quartzite is a 
hard rock but very jointed. Gneiss is generally 
scund and mcnclithic. In some sections the rock is 
weathered at the left bank to depths of over 100 ft. 
Considered cverall, the conditions for foundations 
were favcurable fo a major arch dam. In the under- 
grcund power hcuse section gneiss varied in quality 
with scme fcliation and zones of altered rock and 
the gneiss is impervicus. At the time of low flow the 
river was confined tc a narrow channel, thus facili- 
tating the sequence of coffer dam construction. 

The arch dam is of double curvature with a large 
radius. (Height: crest length: 1:5). The thick- 
ness at the crest is the same as at the toe due to 
the icng span. Max. thickness is 80 ft. (Ht. 420 ft. 
above foundation). There is a 40 ft. carriage way 
carried over the crest of 2025 ft. length. Six flood 
gates are the only hydraulic work built into the dam 
and there is no scour culvert. The water in the 
reservoir will not be drawn dewn delow 1500 ft. 
Ievel. Reasons for the arch dam : The design width 
was a minimum at foundation level thus reducing 
to a minimum the excavation in the difficult condi- 
tions at river level and also of the weathered rock 
cn the flank. As the dam has a high centre of 
gravity the quantity of concrete at the lower Icvels 
was reduced, thus allowing fast progress and an 
early commencement of filling the reservoir. The 
dam is comparatively insensitive to overtopping and 
direct spillage over the crest level would have been 
possible during construction. The design in a 
“cupcla” form results in a minimum volume of 
concrete for comparable concrete stresses. The opti- 
mum curvature in the vertical -direction (upstream 
overhang in the Jower part of the dam and a down- 
stream overhang at the crest) was greatly reduced. 

Model studies were made on 1/40) scale and 
stresses were studied under loads. There will be 
no “reservoir cmpty” condition and the correspond- 
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tats a itch 


STAGE ONE: The first section of the main 

dam wall is built within the first coffer-dam 

while part of the river is channelled through 
a diversion tunnel, 


ing load will never be experienced. The max. com- 
nowhere 
this figure 


pressive stress will 
in. but appreaches 


exceed 
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STAGE TWO: The first coffer-dam has been 

breached, and a second temporary dam built, 

The Zambezi now flows through the diversion 
channel. 


1000 Ib/sq. 


throughout the 


MAIN COFFERD AM « e 
oo 


‘ 


cn sagaatsantint in pingcii 


— 


STAGE THREE: The dam wail is built in the 
main cofier-dam, Diversion channel and tunnel 
ale in use, but soon the channel will be sealed, 


tunnel leads from the surface to the machine hall. 
There are 2 lifts which ascend to the control build- 
ing on the surface—two-20) ton sverhead cranes 





body of the dam. Work was started in November 6, 


1956 and completed on June 22, 
1275060 cu. yds. of concrete were 
months. 


1959. About 
placed in 314 
Batching and mixing of concrete were 


carried cut in 2 similar stations on the left bank 


with four 4 cu. yd. mixers. 
cu. yds. 
in 7 ft. 6” lifts. 


The skips were of 8 
Concrete was placed at intervals of 59 ft. 
A refrigerator plant with a capacity 


of 10,000,000 B Ther per hour was installed to cool 
the river water and the refrigerant was circulated 
until the temperature inside the concrete dropped to 


in 


The lifts were poured at 7 day intervals. 


The cement content for the mass of the dam is 
339 Ib/cyd and for a thickness of 10 ft. on the water 
face it is 430 lb/cu. yd. Cement as per BSS 12 is 
used and the water cement ratio is 0.5 to 0.6. River 
sand was used and the agreegate was of crushed 


gneiss ranging from 8 to 1. 


Immersion vibrators 


47 kg Poker length 24” frequency of vibration 8709 


rpm and ne air entraining agents were used. 


Min. 


crushing strength was 3290 Ibs. per sq. in at end of 


28 days. 
in. was obtained. 


An average cube strength cf 4270 Ib/sq. 
At peak period 360 cu. yds/hr. 


were produced and monthly about 100,000 cu. yds. 
Cement came from 125 miles and was kept in silos. 
Grcut curtain was filled between 89 ft. and 200 ft. 


below foundation. 


31 ft. wide are fixed with sill Jevel at 1498 ft. 


Six fleed gates each 30 ft. high x 


One 


set cf stop beams is provided for maintenance. One 


sluice is designed fcr fassing debris. 


Discharge 


from all six gates at max. water level is 336,090 


cuSecs. 
POWER STATION 
The underercund machine hall wil! 


date six sets of 100 mW turbo alternator sets. 


465 ft. Jong x 75 ft. wide x 132 ft. high. 





accommo- 
It is 
A ramped 


serve the power plant in the machine hall. All heavy 
machinery are brcught through the access tunnel to 
a loading bay. 

Each turbine has a separate intake and penstock, 
the intakes being located on the side cf the gorge 
with screens which can be raked from a gantry. 
Ihe horizcntal intake tunnels are each 16 ft. wide x 
2C fi. high and are ccentrcelled by a sector gate placed 
immediately upstream of the 96° bend into the pen- 
stcck which are 20 ft. in diameter and converge to 
17 it. in the steel lined section carried to level 1364. 

For sets No. | and 2 low level intakes at 1370 ft. 
level have been provided to facilitate their commis- 
sioning at an earlier date before the reservoir fills 
up. Sets 3 and 4 have intakes at level 1460 ft. For 
sets 5 and 6 the intakes are at !evel 1510 ft. Intakes 
were designed on the basis of model experiments. 
The draft tube cutlets are on the same side as the 
penstocks and after the gates they are paired into 
3-tail race tunnels of equivalent 34 ft. diameter and 
are mostly unlined. There is a surge chamber of 
63 ft. dia. at the head of each tunnel. The trans- 
fermer hall is parallel to the machine hall and is 
537 ft. long x 55 ft. wide x 60 ft. high. Three trans- 
former banks of 240 MVA (3 single phase transfor- 
mers) are installed to step up the power from the 
generating voltage of 18 kV to 330 kV. Power from 
the high tension terminals is taken by oil filled cables 
up a vertical shaft to the switching station on the 
surface on top of the gorge. 

POWER STATION PLANT 

The design of the plant is very simple. On 
acccunt cf the heavy weights and large dimensions 
the generators were shipped in quarter sections and 
reassembled at site. The turbine runners are 13 ft. 


6” dia. and weigh 40 tons each. They are of cast 
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Section through the Kariba underground machine 
and transformer halls, intakes and outlets 


and fabricated consiruction and have 18 stainless 
steel blades. The turbines are of vertical shaft 
Francis type and built after scale model studies 
regarding cavitation. The generators are directly 
coupled to turbines and run at 167 r.pm. They 
are umbrella type—rotor mounted above the guide 
and thrust bearings, which are water cooled. The 
gencrator circulating air is also water cooled. 

The generators are of 100 mW (111 MVA) 18 
KV—3 phase 50 cycles. 0.9 P.F. exciters are of 
364 kW, 360 volts D.C. direct coupled to the gene- 
rators. Regulation is effected by means of rotating 
and static amplifiers. The auxiliary plant includes 
built in fire fighting equipment initiated by thermo- 
stats in the hot air circuit, a high pressure oil oper- 
ated rotor jacking system, gcvernors and bearing 
oil purifying equipment and an air compressor unit 
for braking. The machines are designed for a nor- 
mal speed rise of 21%. When full load is suddenly 
thrown off, the run away speed with guide vanes 
fully open and no load on generator is nearly double 
the normal speed. 

The transformer hall houses the generator trans- 
formers, station transformers surged diverters and 
station transformers switchgear. The banks of 3 
single phase transformers are of 24) MVA (equi- 
valent to 2 generators) with one primary winding of 
18 KV for each generator. A common 330 KV 
winding delivers power by 330 KV to the Switching 
Station at the surface and thence to the transmission 
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Switchgear apparatus at Kariba. 


a stem, where 330 KV oil circuit breakers of 7500 
MVA fault capacity control each pair of generators 
and each cutgoing feeder. 
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The Grid in Northern 


There is no tap changing on the transformers as 
the regulation is done by the generator excitation 
system. The transformers are water cooled (from 
water of turbine casings). 

Reactors cf 20 MVA are installed in certain 
places on the transmission system but they will be 
replaced by synchronous compensators as the load 
increases. The generator switchgear between the 
generators and transformers are of high current and 
high short circuit rating—4090 amp. 1500 MVA air 
blast type with operating time 0.03 second and total 
breaking time 0.05 second. Hollow section copper 
bus bars are used to connect the generators to the 
transformers. 

Surge diverters 
terminals of the 


are connected to the 330 KV 
transformer and they discharge 
voltage at the 


surge currents to the ground then the 


and Southern Rhodesia. 


transformer terminals exceeds a certain specified 
value, due to lightning. 

The cil filled cables cf 330 KV are in lengths of 
66C yds. and are designed for a difference in level 
cf 600 fi. (250 Ib/sq. in.) hydrostatic pressure of oil. 
The 330 KV oil circuit breakers are of the bulk oil 
lenticular tank type having 6 breaks per phase. 

The data cn the dam, reservoir and power plant 
are shown in the appendix. The demand for electri- 
cal energy is expected to be 3200 million kWh in 
1962 and 7200 million kKWhr by 1970. The trans- 
mission systm will consist of a 330 KV _ line 267 
miles long, northwards to tie with Belgian Congo 
power system, one line south of 183 miles to Salis- 
bury, cne line south of 327 miles to Bulawayo. Some 
of the transmission lines will run at an elevation of 
5000 ft. Basic insulation level will be 15009 KV. 
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The steel towers will be 115 ft. high with twin peaks 
for 2 earth wires—counterpoise earthing will be used 
when focting resistance is 20 ohms. Twin conductors 
are used for each phase and they are ACSR— 54/ 
0.118 al. and 7/0.118” steel by British Insulated 
Cable Construction Co. and Richard Johnson and 
nepitew. The phase clearance is 37 ft. 5” minimum 
ground clearance is 25 ft. at 150°C. The standard span 
is 1500 ft. Insulators are of glass by Pilkington Bros. 
19 discs 10” dia. 53 spacing. Wet flash over for one 
min. is 600 KV. Tension sets have 18 insulators-- 
11” dia. Three zone high speed distance protection 
is provided. Mho type relays are used. 

Centrol room for all switchgear are situated on 
the surface above the generaiing station—system 
conircl is arranged at a distance of 230 miles from 
Kariba. Telemetering system is provided. The 
approximate cost of I stage is about £ 79,400,000 
i.e. 132/kKW for 600 mW. The total cost of the 
I and II stage will be £ 119,490,000 for 1500 MV 
and works cut at £280 per kW. The above include 
the cost of transmission system. About £ 39,000,000 
cf first stage are fer civii engineering works. The 
cost cf the plant and transmission equipment forms 
4 the total cost and the balance is the cost of re- 
settling the Africans, administration and cther finan- 
cial charges : 

Sources of funds : 

£ 28,500,000 for I stage-—World Bank. 

£ 20,000,000 —Copper Indusiry 

N. Rhodesia. 

£ 4,000,000 Br. South African Co. 

£ 4,000,000 Private Banks in the Federation. 
One Generator set was com- 

missicned on 
Second Generator a 
Two more sets will go into 

service in 1961. 
Two mere sets. ce “ 1962. 

The entire project will be ccmpleted between 
1967 and 1972. 

In the seven sub-stations there will be 25 breaks 


Dec. 28, 1959. 
May 13, 1960. 


May 


of 333 KV and 7500 MVA capacity and 100 isolat- 
ors of 330 KV. on three phase reclosing duty. The 
breakers are of bulk oil lenticular type with six 
breaks on each phase and each break is shunted by 
a linear resistance and is pneumatically operated. 
The transformer at sub-stations are cf 3 phase type 





2 Transformers 


i120 MVA 330/234 KV 3 p. auto transformer. 


8 Transformers 


60 MVA 330/88 KV 3p. double wound. 


2 Transformers 


60 MVA 330/33 KV 3p. _,, v 


Summation Meters have been installed in power 
stations. 


CONSULTANTS AND CONTRACTORS 


Consultants : 


Civil Engineering 
Works 

Mechanical & Elec- 
trical Works 


Contractors : 


Turbines 
Generators 


18 KV Switchgear 
for Generatecrs 

Generatcr Trans- 
former 

330 KV Switchgear 


Sub-station Trans- 
formers 
Overhead Travell- 
ing Cranes 
Shunt Compensat- 
ing Reactors 
330 KV Oil Filled 
cables 
Other Cables 
Transmission 
tium). 


: Gibb, Coyne, Sogeie 


(Kariba Private Ltd.) 


: Merz and McLellan. 


: Boving & Co. Ltd. 
: A.E.I. Export Ltd. (Metro- 


politan Vickers). 


: Brown Boveri Ltd., 


Manchester. 


: English Electric Co. Ltd. 


: A.E.1. Export Ltd. 


(B.T.H. Co.) Willesden. 


: Ferranti Ltd. 
: Babcock & Wilcox Ltd. 
: C. A. Parsons Ltd. 


: British Insulated Callender 


Cable Co. Ltd. 


: Siemens Edison Swan Ltd. 
: Impredit (Italian Consor- 


Lines 
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PRINCIPAL DATA FOR THE KARIBA SCHEME 


Installed capacity Kight Bank 
” ” ” ”» 
- ‘ Lett Bank 
Ultimate mean annual power output 


Dam : 


Max. height of dam 
Crest length of dam 
Mean radius of arch 
Total concrete Volume 
Spillway gates number 
os ., size each 


Reservoir : 


Reservoir capacity at 1605 max. flood level 
- 99 at 1590 ft. normal water level 
Normal operating range of water levels 
Useful storage capacity within normal range of water 
levels 
Flood storage 
Surface area of Reservoir 
Mean River flow 
Total mean flow in one year 
Utilisation for power 
Losses by spillage 
Losses by evaporation 
Firm flow for power 
- » im one year 
Estimated probability of occurrence of mean monthly 
run offs 


lin 100 
1 in 1000 
1 in 10000 


Capacity of Sluice gate installation 
At 1590 Top water level 
At 1605 Top water level 
Minimum Tail water level 10000 cusecs 
Tail water level at meon fiow for 41000 cusecs 
Max. Tail water level 360,000 Cusecs 
Range of gross heads 
Quantity Data for Construction I Stage Works: 
Excavation. 


500,000 cu. yds. 
240,000 cu. yds. 


For Dam 

For power station Machine and 
Transformer Halls 

For Intake Penstock Shafts & 
Tunnels 515,000 


; 1,255,000 





Power Station : 


Dimensions of Machine Hall 

= Transformer Hall 
Turbines : Max. gross head 

Mean net head 

Full load output at 282 ft Net head 
Corresponding rated flow through turbine 
Total Weight of each alternator 
No. of alternators 
No. of single phase transformers 
Dia. of alternator Rotor 
Dia. of Turbine Rotor 
Wt. of Turbine Runner 
Speed of Turbine and alternator 
Wt. of rotating parts of turbine & generator 


Total load on thrust bearing (Wt. of Rotors plus 


hydraulic thrust) 
Overall diameter of alternator 


600 mW (ultimate). 
2OU mW (present). 
g00 mW to 1200 mW. 
8500 million kWhr. 


425 ft. 
2025 ft. 
800 ft. 
1275000 cu. yds. 
Six. 
30 ft. 31 ft. 


149 x 10° acre ft, 
130 x 10° acre ft. 
1560_1590 A.S.L. 


36 million acre ft. 
19 x 10° acre it. 
2000 sq. miles. 
51000 cusecs. 
37 million acre ft. 
83%. 
8%. 
9%. 
42000 Cusecs. 
30 :5 million acre ft. 


20 million acre ft. 
5 5 eet 
ane ;, ae 


306000 cusecs. 
336060 cusecs. 
1253 A.S.L. 
1267 A.S.L. 
1325 A.S.I. 
352 ft. to 265 ft. 


Concrete. Steel. 
1,275,000 cu. yds. 5,700 tons. 


70,000 cu. yds. 1,250. tons. 


120,000 6,000 
1.465.000 10,956 


468 ft. long». 75 ft. wide x 132 ft high. 
537 ft. long x 55 ft. wide x 60 ft. high. 
352 ft. 
310 ft. 
140000 bhp. 
4750 cusecs. 
720 tens. 
6 of 100 mW @ 0.9 PI 18 KV 50 cycles. 
10 of 80 MVA 18,330 KV. 
25 ft. 6’. 
135 ft. 6’. 
40 tons. 
167 rpm. 
475 tons. 


660 tons. 
32 ft. 
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“REYROLLE 
RELAYS 


The Reyrolle Light Engineering Shop 

, has been specially designed 
: for the manufacture of 
relays and instruments. 

It includes, under one roof, 
its own machine-shop, 
plating-shop, paint shop, 


coil-winding and impregnation areas, 


a 


\ 
, 


assembly and testing areas, 


and separate sections 





\ for storing raw materials 





and finished parts. 


HEBBURN - COUNTY DURHAM - ENGLAND 


ia . e Ro - : 
Send your enquiries, and also for Indian made “HA” Switch & Fuse Gear, to: 


CALCUTTA 


BOMBAY CoO. 


BOMBAY 


& CO., LTD. 


NEW DELHI KANPUR 
(PTE.) LTD. 


MADRAS & SOUTHERN INDIA 
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THE TWI N-AIR 


THE WO R L D’S FIRST Wherever there is a demand for the larger 


portable Compressor, the Atlas Copco Twin-Air 


POR TABLE ROTARY is a proposition that pays ! The Twin-Air gives a 


smooth, surge-free air flow together with the 


SCREW COMPRESSOR overall operating efficiency only a two-stage 


machine can offer. With this design—completely 
different from all other types—no contact takes 
. place between the rotors or between the rotors 
: Copco’ and the housing. Cutting maintenance costs to 

a minimum, the Twin-Air increases the profit 


margin on any contract. 





AVAILABLE IN 2 MODELS PR-365 PR-600 


THE TWIN-AIR IS AVAILABLE WITH A CHOICE OF THREE 
FAMOUS ENGINES : DEUTZ, ROLLS-ROYCE AND GENERAL MOTORS 


“ENTS: VULCAN TRADING CO. PRIVATE LTD. 


19, British Indian Street, Calcutta-I 
Other Offices at Bombay NewDelhi Madras 


VTC.45 











The Kariba Dam Opened 





Queen Elizabeth the Queen Mother on May 17 
opened officially the vast Kariba hydro-electric pro- 
ject, which harnesses the River Zambezi to produce 
power for a large area of Central Africa. 

The Paymaster-General, Lord Mills, represented 
the British Government at the inauguration of the 
project, which had already cost about £ 75,000,000. 
Kariba, Africa’s .biggest hydro-electric scheme and 
one of the great civil-engineering feats of the cen- 
tury, is expected to cost a total of about £120,900,000. 

At the opening ceremony, the Queen Mother 
said : “I pray with all my heart that the Kariba 
dam may be a symbol cf new and wider understand- 
ing throughout the Federation of Rhodesia and 
Nyasaland and, indeed, throughout this mighty 
continent of Africa.” This massive source of energy, 
by raising the living standards of the people, would 
bring untold blessings to future generations. 
“MARVEL OF MODERN ENGINEERING” 

The Federation, she said, had created in the 
heart of Africa a “marvel of modern engineering 
which, in the future, may well rank with the Seven 
Wonders of the ancient werld”. 

For nearly five years, 7,000 Africans and 1,500 
Europeans have laboured on the project. 

With the completion of the Kariba project, 
which feeds power to the Northern Rhodesian 
Copperbelt and Scuthern Rhodesia’s fast-growing 
industry, ancther part of the great continent has 
been opened to modern progress. 

The project, with its 42) ft.-high dam and under- 
ground powerhcuse, is creating the world’s biggest 
man-made lake, 189 miles long and, in places, 40 
miles wide. 

The rocky Kariba gorge forms part of the border 
between Northern and Southern Rhodesia. Through 
it, only a few years ago, the river Zambesi flowed 
unimpeded—a huge river even in the dry season, 
growing to a foaming flood after the annual rains. 
Now it is held by a great curved wall of concrete— 
the Kariba dam, one of the moderia engineering 
wonders of the world. 

The water is rising gradually against the face of 
the dam and spreading over the low-lying country 
above the gcrge. Eventually it will form a lake 
that stretches 175 miles upstream—the largest man- 
made reservoir in the world. Th2 pcower cf this 


water will be used to prcduce electricily for the 
pecple cf Northern and Southern Rhodesia and for 
the grcewing industries of the area. 

The Government of the Federation of Rhodesia 
and Nyasaland realized some years ago that the 
demand for electricity was growing fast and would 


ISTCSSSSSSSSHESSTCSSSSSSSSASHESSSOCKSRSSECES SEAS EEAASEER EASES 


KARIBA MILESTONES 
March, 1955 : 


: Decision to proceed with 
Kariba is announced. 


July, 1955 : Contracts awarded to firms 
for preliminary works. 
July, 1956 : Main Civil — engineering 


contract awarded. Contracts 
placed for power station 
equipment. 

: Floods. 








February, 1957 


: Diversion of river and start 
of main coffer-dam. 

: Main coffer-dam dewatered. 

River bed exposed. 

Exceptional floods. 

coffer-dam overtopped. 

: Main coffer-dam dewatered 
after floods. 

: Dam wall closed, impound- 
ing of Kariba Lake com- 
menced. 

: Main concreting completed, 
except for roadway. 

: The first electric power is 
generated at Kariba. 

: Official opening of Kariba 
by Her Majesty the Queen ; 
Mother. ; 


July, 1957 


November, 1957 


Feb. / March, 1958 : Main 
June, 1958 


December, 1958 


June, 1959 


January, 1960 
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May, 1960 
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soon be too great for the coal-burning power stations 
that the country already possessed. After very care- 
ful investigations it was decided to undertake a 
hydro-electricity scheme at Kariba. 
WORK BEGINS 

The Federal Hydro-Electric Board, now in charge 
of the project, needed expert advisers to design the 
works and to supervise construction. In June 1955, 
three firms—-Sir Alexander Gibb & Partners, of 
London ; Coyne & Bellier, of Paris ; and the Societe 
Generale d’Exploitations Industrielles—were nomi- 
nated as civil engineering consultant and asked to 
work as a team. They at once cpened an office in 
Salisbury, the capital of Southern Rhodesia. Another 
firm, Merz & McLellan, was appointed to advise on 
all questions of mechanical and clectrical equipment. 
Within a month, the first contract, for river diversion 
works, had been awarded. 

Meanwhile, detail design work for the dam and 
power staticn was being pressed ahead in London 
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Plan of site also showing position of constructional Coffer Dams 


and Paris, access to the remote site was being open- 
ed up, and a new town was being constructed to 
house the thousands of workers on the job. Almost 
exactly a year later, the main civil engineering con- 
tract, some £25,000,090 in value, was awarded. 

A working programme covering several years was 
drawn up at the start. This was arranged so as to 
fit in with the river’s annual periods cf high and low 
flow. 

STORY OF CONSTRUCTION 

A temporary dam or cofferdam was built out 
from the left bank of the river, enclosing a semi- 
circular area within which the first section of the 
main dam was constructed. Then parts of the coffer 
dam were blown up, and construction of the rest of 
the dam was started within a second cofferdam much 
larger than the first. The river was diverted partly 
through a tunnel excavated in the right bank and 
partly through temporary openings in the first section 
of the dam. 

When the dam had reached a height of about 
250 feet, the diversion tunnel and the temporary 
Openings were permanently stopped up. Only a 
little water was allowed to pass through, so that the 
river downstream should not dry up completely. The 
fillizg of Kariba Lake had started. From that time 
onwards, construction of the dam had to be carried 
on at such a speed that the top was always above 
the rising water. 

Meanwhile, a powerhouse was being prepared to 
accommodate the water turbines and generators. 
This is an underground chamber 468 ft. long. Along- 
side it is another chamber, even longer but not so 


wide, for the transformers. There are tunnels and 
shafts to deliver water from the reservoir to the 
turbines beneath the powerhouse floor, and other 
tunnels to discharge the used water into the river 
below the dam. All these were excavated cut of 
solid rock. 

The township was built by Richard Costain 
(Scuthern Rhodesia) Ltd. ; the diversion works were 
entrusted to the Cementation Co. Ltd., and the access 
roads and airfield to a third Brittish firm, John 
Laing & Son (Rhodesia) Ltd. The main contract, 
including construction of the dam itself, the power- 
hcuse and cther underground works, was opend to 
internaticnal tender and awarded to a group of Italian 
firms, which obtained such of their equipment and 
materials from Britain and South Africa. British 
companies, which won the contracts in open com- 
petition, are supplying turbines, generators, and 
other electrical equipment. 

THE ZAMBESI FLOODS 

In the spring of 1957, following heavy rains, the 
annual floods rose as high as they had ever done 
since records had been kept. The river came over 
the top of the first cofferdam and filled it. Next 
year the flocds were much greater still. The sccond 
cofferdam—a circular wall 160 feet high ecross the 
centre of the river—disappeared teneath the rushing 
water. 

These emergencies had been provided for, and 
no permanent damage was done. But the flooding 
cf the works delayed construction for several weeks. 
Each time, however, by a great effort the lost time 
was scon made up. By June 1959, the last bucket 
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of concrete had been placed cn the top of the dam 
many months ahead cf schedule, and plant installa- 
tion was well in hand. 

[he programme drawn up in 1955 has been 
adhered to, in spite of all difficulties, with the start- 
ing cf the first turbine, and as demand increases 
five more turbines and generators will come into 
operation. Work has started on a second power- 
house on the left bank. When this is complete, 
Kariba will produce an average of 8,500,00),000 
kilowatt-hours per year. 

COMMUNICATION CHANNELS 

To distribute this power from Kariba expedi- 
tiously, over an area stretching between Kitwe in 
the copper belt 267 miles to the north, Salisbury 183 
miles to the south-east, and Bulawayo 327 miles to 
the scuth-west, a System Control Centre (S.C.C.) has 
been established at Sherwood, about 200 miles due 
south cf Kariba, and approximately midway belween 
Bulawayo and Salisbury. This S.C.C. has _ been 
provided with some of the latest and most compre- 
hensive control and communication equipment avail- 
able anywhere in the world. This article describes 
briefly the techniques used to sclve the problem of 
economical system operation over such vast distances. 

The main power transmission network operates 
at 330 KV. Superimpcsed on this neiwork is any- 
thing from 1-6 power !ine carrier channels per. feeder 
for control and communication purposes, each chan- 
nel with a band width of 4 kc/s. The carrier fre- 
quencies lie between the extremes of 84—458 kc/s. 

Each power line carrier channel consists of a 
speech circuit and up to 6 voice frequency telegraph 
(VFT) channels. The speech band is 330-2350 
cycles per second, and above this specch band there 
are 6 VFT channels operating at 120 cycles per 
second spacing over the range 2520-3240 cycles per 
second. The VFT operates on a frequency shift 
basis with plus and minus 30 cycles per second shift 
on nominal mid-band frequency. The choice of this 
system leads to a marked reduction in interference 
from noise in what is undoubtedly an area of high 
thunderstorm activity. 

The VFT channels are allocated among :— 
(1) Supervisory indications and control, (2) Tele- 
metering, (3) Teleprinter, (4) Telephone dialling, and 
(5) and (6) Spare. 

SUPERVISORY INDICATION & CONTROL 

The open or closed position of each 330 kV 
circuit breaker and isolator throughout the whole 
network is continuously supervised by means of the 
indication and control equipment located at Kariba 
and the seven switching stations. Each and every 
change of condition (whether intentional or uninten- 
tional) is signalled by means of a constant total train 
of pulses over the supervisory channel to sound an 
alarm bell in the System Control Centre and draw 
the attention of the operator to the part of the net- 
work under change by means of a flashing indication. 





Construction work going on in the night at Kariba 


At all times, therefore. the $.C.C. operator has 
a complete and up-to-date picture of the state of the 
whcle network of nearly 900 circuit miles of 330 kV 
transmission line. The time taken to send a signal 
announcing a fault in a sub-station is little over two 
seconds for even the most distant station (Kitwe is 
470 miles from the S.C.C.). 

TELEMETERING 

A vital part of the system control function is a 
knowledge bcth cf the power available and of the 
power being generated at each power station. Equally 
is the system control uperator required to know the 
load on the network at each of the “take-off” points. 
ie. the 330 kV switching stations. This is done by 
measuring and transmitting kilowatt, reactive KVA 
and busbar voltage indications continucusly over the 
VFT network. The Telemetering System (known as 
the Impulse Frequency System) is one of the most 
up-to-date in the world. Space does not permit 
detailed description of the technique, but suffice it 
to say that pulses are generated on integrating meters 
at the cutstations so that the rate of pulsing is pro- 
portional to the power flow. 

In order to achieve an economy in the transmis- 
sicn channels, a system of time-division multiplex- 
ing is adcpted whereby up to six simultaneous read- 
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A panoramic view of the Dam under construction 


ings are sent over any one VFT channel. The method 
cf multiplexing, specially designed by Standard 
Telephenes and Cables Ltd., is to allot to each read- 
ing a single teleprinter character. This character is 
generated electronically at the sending end, each 
letter corresponding to the pulse received from its 
asscciated initiating device. At the receiving end, 
the pulses are decoded and passed to the appro- 
priate telemeters, where they are converted into 
steady readings which are displayed on meters on 
the 75-feet switching and loading diagram at the 
System Control Centre. 

TELEPRINTERS AND TELEPHONY 

A complete teleprinter network interconnects all 
the sub-stations with the S.C.C. Point-to-point com- 
munication between the S.C.C. and any outstation is 
given by means of a specially-designed concentrator 
located at the §.C.C., which also permits broadcast 
facilities from the §.C.C. to any or all outstations 
simultanecusly. 

Each cf the seven sub-stations has a private auto- 
matic exchange of size varying from 25 to 50 lines. 
The whcole netwerk is interconnected so that trunk 
diatling is possible between any extension on any 
PAX and any cther extention on the same or any 
cther PAX. Fer local dialling within any one sub- 
station normal techniques are used, but for dialling 
be'ween two. PAX’s connected by a power line 
carricr, line impulsing is carried out on one of the 
VFT channels. Priority facilities exist to enable any 
cutstation to reach the System Control Centre even 
if juncticns are engaged, and conversely any engaged 
extension can be interrupted by a priority call from 


the Sherwcocd ccntrol room. A spccially-designed 
automatic keysender at the S.C.C. permits push- 
button calling from the control desk to selected 
extensions anywhere in the network. 


PHOTO FACSIMILE EQUIPMENT 

An additicnal refinement in the control and com- 
municaticn network is the provision of photo facsi- 
mile equipment enabling drawings, sketches or even 
pheicgraphs to be transmitted between the System 
Control Centre at Sherwood and the board’s Lead 
cflice at Salisbury, a distance of some 110 miles. The 
pheto facsimile equipment uses an extra speech 
channel on the link frcm Salisbury to Sherwood via 
Norion, and pictures up to size 13x 8 inches can be 
transmitted in under five minutes. 


KARIBA POWER STATION 

In additicn to the comprehensive control and 
communication network provided between the various 
switching stations and the System Centrol Centre it- 
self, the whole cf the direct wire indicating, control, 
and alarm annunciaticn equipment for the Kariba 
Pcwer Staticn and switching station is based on 
mcdern light-current techniques. This includes start- 
ing of the turbines, bringing up the speed, synchronis- 
ing, connecting to the busbars and ultimate despatch 
into the 33C kV transmissicn grid. Power. station 
control is effected from a compact desk backed by a 
mimic diagram indicating the switch conditions so 
that the operator has finger-tip control of all the 
machines in the power station, beth now and for any 
future extension. 
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Generalised Method for the Solution of 
Hydraulic Jump Problems in Rectangular 


Channels 





The problem of determining the elements of 
hydraulic jump is cf vital importance when dealing 
with such hydraulic structures as barrages, weirs, 
canal falls, regulators, high spillway dams and so 
on since cne of the most efficient ways cf destroying 
the superfluous energy below such structures is by 
the formation cf hydraulic jump of a suitable height 
and at a suitable place down stream. A large num- 
ber cf major River Valley Projects already under 
construction or in the advanced stages of planning, 
involve amongst other things, the construction of 
such hydraulic structures as mentioned above. In 
India the various methods in vogue for determining 
the elements cf hydraulic jump are :— 

(i) the Blench-Montague method, 
(ii) the Crump’s method and 
(iii) the Brown’s method. 
Besides these, a few empirical formulae suggest- 


ed earlier by Dr. Malhotra, Inglis, Joglekar and 


others have also been in use. These methods are 
not so suitable without some modifications when 
dealing with the problems of high spillway dams. 
This is probably due to the fact that high dams are 
the speciality of present days. Also these methods 
are not very general in application. The author has, 
therefore, attempted to furnish in this paper extended 
Crump’s table and also a generalised table and 
generalised chart which it is hoped would be found 
to be very useful for determining the elements of 
hydraulic jump in rectangular channel particularly in 
the case of high spillway dams. The generalized 
table and the generalized chart would in addition be 
found to have much wider application as also advant- 
age of exhibiting certain useful properties of the jump. 
ELEMENTS OF HYDRAULIC JUMP 
The various elements of Hydraulic Jump in a 
rectangular channel are :— 
q. the discharge per ft. width. 
D,, the depth before the jump. 
D., the depth after the jump. 
E,, the energy before the jump. 
E., the energy after the jump. 
Hx. the energy lost in the jump. 
These six quantities characterizing the jump are 
connected by the following four equations :— 
D, D, (D,+D.)= oo eee I (Momentum 
g equation). 
This equation can be expressed in the various 
other forms as :— ; 


By R. M. ADVANI 











D= /—+—--—— +a0cke 
¥ sD 4 2 
wn | thee 
“31°F Fel rer; 
2 uf | D, | 
D, ; / 
=— { -1+/1+8F; tees 
: ‘ 1) 
Where D, is the critical depth given by 
q 
D.=(—)4 
cS 
F is the Froude’s Number given by 
Vv D, 132 
F= —_ = et a -, 
, re 
E,=D,+— =D, +——— coed) 
2g 2g D; 
V4, q 
E,=D,+— =D, +—— <® 
2g - 2g D? 
(D, — D,y’ 
. HL=E, - E,= —-——— -.+ (4) 
4D, D, 


Thus thecretically given any two of the six 
quantities, the rest can be obtained analytically from 
these four relations. 

In practice, however, it is difficult to obtain the 
solution analytically, particularly when the given 
elements are q and Hj as is usually the case. The 
various graphical methods in vogue are :— 

(a) The Blench-Montague method. 

(b) the Crump’s method and 

(c) the Brown’s method. 


Besides these, some empirical formule suggested 
earlier by Malhotra, Inglis, Joglekar and others have 
alsc been in use. These methods have been discuss- 
ed at length by the author in his earlier paper.2 The 
scope cf this paper is tc discuss in greater detail the 
authcr’s generalized table for the solution of hydrau- 
lic jump problems and to compare it with dimension- 
Jess hydraulic jump co-efficient method given by 
Crump. Brown and others. 
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CRUMP’S DIMENSIONLESS HYDRAULIC 
JUMP CO-EFFICIENTS 
The Crump’s dimensionless hydraulic jump co- 
efficients ae : 
D, 


D, 


E, E, 
x= — = —,, z= —-, m= — — and n= —— 
D, D. D. D. D, 
These are connected by the following four equa- 
lions (cbtained by substitution in 1, 2, 3 and 4) :— 
xy(x +y)=2 & 
| 


Hy 


x+—— =m oo (6) 
2x* 
l 
y+-—— =n .(7) 
2y’ 
(y — x)’ 
—=m--N=Z _U....... (8) 
4xy 
Extensive tables satisfying the above relation- 


ships have been prepared by the author’ for the 

value of x from 0.01 to 0.30 at intervals of 0.001 

from 0.31 to 0.70 at intervals of 0.01 and from 0.70 

to 1.00 at intervals cf 0.1. Also table for critical 

depths have been prepared by the author for values 

of q up to 1300 cusecs. The authcr feels that these 
Appendix | 





EXTENDED TABLE OF CRUMP’S DIMENSIONLESS 
HYDRAULIC JUMP CO-EFFICIENTS 


x y m n Zz 
6.010 14.1372 SO0G0.61 14.1397 4985.87 
0.011 13.4775 4132.21 13.4818 4118.73 
0.012 12.9040 3472.21 12.9070 3459.30 
0.013 12.3955 2956.61 12.3987 2944.21 
0.014 11.9440 2551.01 11.9475 2540.16 
0.015 11.5395 2222.24 11.5431 2210.70 
0.145 3.642 23.93 3.679 20.25 
0.146 3.629 23.55 3.667 19.89 
0.147 3.616 23.29 3.659 19.64 
0.148 3.602 22.98 3.640 19.34 
0.149 3.590 22.67 3.630 19.04 
0.150 3.577 22.37 3.620 18.75 
0.65 1.459 1.837 1.694 0.143 
0.66 1.442 1.811 = 1.682 0.129 
0.67 1.424 1.789 1.671 0.118 
0.68 1.409 1.764 1.061 0.103 
0.69 1.392 1.741 1.650 0.091 
0.70 1.376 1.7204 1.6405 0.0799 
0.89 1.231 1.5813 1.5608 0.0205 
0.90 1.1069 1.5173 1.5167 0.0019 
1.00 1.0000 os ~- —- 





tables are the most extensive of the type ever pub- 
lished before and give very accurate results without 
the use of curves, because of the calculated values 
at very small intervals of x and q. However, one 


of the given elements should necessarily be the dis- 
charge intensity q so as to be able to determine D.. 
These tables are given here in part vide Appendix I. 

It may be mentioned here that Prof. Paylovsky 
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also obtained the various dimensionless standing 
wave co-efficients by choosing critical depth, D,, as 
the basis of reference though he expressed the rela- 
tion between these elements in a slightly different 
form, from what was given by Crump. For example, 
he gave the relationship, xy.x,=1 where x,= 
X+y 

——. It can be seen that this is similar to equation 5. 


Further, Stevens and Woodward expressed the 
various dimensicnless hydraulic jump co-efficients in 
terms cf upstream depth D,. Next Brown obtained 
the dimensionless co-efficients by choosing Hi as 
the basis cf reference. His dimensionless co-efficients 





D, D, q E, 
are x,= y= —-, = -—. m, = —— and 
Hi Hi Hi? Hi 
E, 
n= ——. Aiso he expressed the relationship 
Hi 


between these cc-efficients in terms cf one variable 
1 

——- = D’. Similarly Bakhmeteff expressed the rela- 

E, 

ticnship between the varicus dimensionless co- 

Vv; 

gD, 
The author has however generalized the method 

and expressed the relationship between various 

dimensicnless co-efficients suggested originally by 

Crump, Brcwn, Bakhmeteff and others in terms of 


efficients in terms cf cne variable, 2,= =e. 





D’, cnly. This is cbtained as under :— 
D, D, q D. 
Let —=D,,, —=D,, ——— = q', — =D’, 
E, E, E," * E, 
Hi Es 
——=H_’ and —-= E’,. 
E, E, 
Now we have, E,=D,+q''2g D*, 
E, D, q q” 
— =] = — + - -~———- =D’, ee 
E, E, 2gD,°E;/E; 2 gD’? 
whence q’ =D’, Vv 2g (1 —D’,) ones 


Similarly, we can derive the following further 
equations 








D’, / 1S 
D,= -——-+ /4D,-—-D —. 
a al 4 
{ D. 3 {| a i, 
F°=1,= { — =2{-——| ..1) 
| D. D’, } 
/1-D, 
D,’=D’, ,/2 ~_ .. (12) 
v¥ OD, 
J D. i jo. 
F2=),= ) mg = “ . (13) 
D, | vy, 
(D,!—D’,y 
hh’? = —_ ....(14) 
4D’, D, 
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E’.=1-H'iL ...-(15) 
D, D’, E, 1-H'L 
<= — = ...(16) ee lL «+ (25) 
D. D’. L a 
D, D’, Thus giving different values to D’,, all other 
ee a ee --(17) dimensionless hydraulic jump co-efficients can be 
Ly a easily determined. These values are shown tabu- 
es L al *L (18) lated vide Appendix II for D’, from 0.001 to 0.01 at 
D. D’. = intervals of 0.001, from 0.1 to 0.4 at intervals of 
E, 1 0.01 and beyond that at intervals of 0.05. This table 
m= —— = —— ....(19) can be used directly for the solution of hydraulic 
D, D, jump problems in rectangular channels when any 
E, E, —- Ht 1-H’. two of the elements are given. 
n= —— = = - + - -(20) Also the generalized table when represented 
D. D. D’. graphically as in Figure | exhibits certain useful 
D; D’, 71 properties of the hydraulic jump. Thus from fig. 1 
—— H a H’ ; -++ 21) it can be seen that the highest value of D’,=0.8 at 
DD Dp D.=04 for which M=Fi=3, HL=005, 2= 
— — 1 i 
a (22) TE 0.086, x =— = 0.6934, x, =— =8, 
q ‘ a D’, V2g(1—D’) D. D. AL 
_ - pe riisdn ct a. ae 
HL32 H’32 HL! 2 y= i = 16 and z,= Parry = 223. Bakhmeteff 
m.= a = mil _...(24) has classified the region with 7,>3 and thus D’,;<0.4 


as the zone of high kineticity and the region with 
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iy<3 and thus 3>D,> 0.4 as the zone of the low 
kineticity. This distinction proves’ to be of great 
importance to a hydraulic engineer as it has been 
found experimentally by Bakhmeteff, Koch, Reh- 
bock, Gibson and others that in the region of high 
kineticity, the jump occurs in the direct form, the 
experimental results are well in agreement with the 
theory and the loss of energy in the jump Is fairly 
high. On the cther hand in the region of low kineti- 
city, the jump is of the undular form, the experiment- 
al results so far obtained are not so much in agree- 
ment with the theoretical results and the loss of 
energy is less than 5%, showing that the jump no 
longer serves the purpose of an effective energy 
destroyer and hence is hardly of any importance to 
the practical engineer. It is on this account that the 
dimensionless hydraulic jump _ co-efficients vide 
Appendix I and II respectively have been calculated 
by the author at closer range upto x=0.7 and D’,;= 
0.4 only. It is interesting to compare the extended 
Crump’s co-efficient table given in part by the 
author vide Appendix I with the author’s generalized 
table given vide Appendix II. 

(i) The value of x ranges from 0 to 1, whereas 

the value of D’, ranges from 0 to § only. 

(ii) The jump is of practical importance to 
Engineer for values of x upto 0.7 and for 
D’, upto 0.4 only. 

(iii) Table as given in Appendix II is more 
general in application than table vide 
Appendix I. Thus given any two elements 
of hydraulic jump, all other elements 
can easily be determined from table vide 
Appendix II, whereas for table vide Appen- 
dix I, one of the given elements must 
necessarily be the discharge intensity q so 
as to be able to obtain D.. 

(iv) The table vide Appendix II when represent- 
ed graphically exhibits certain uscful pro- 
perties of the jump as already outlined 
whereas the table vide Appendix I does not. 

(v) Table vide Appendix II is more convenient 
to use as ccmpared with table vide Appen- 
dix I, when the given elements are q and 
Hi because Hi” can easily be obtained 
with the slide rule, or directly from table of 
halves power of numbers. On the other 
three hand the calculation of D, mathemati- 
cally is more laborious and also from tables, 
because it would very often necessitate 
interpolation particularly when discharge 
intensity includes a fraction as well. 

Illustration :— 
Nangal Dam Data*’—Determine D, for the follow- 
ing values of q and HL. 
q= 143 28.6 71.4 142.8 214.3 439.5 cusecs 
HL= 51.34 48.1 29.76 24.94 21.78 14.64 ft. 
Now for q=14.3 and HL=51.34, we have 





HL 51.34 q 14.3 
z= —— = —— =27.66 and z,= = 
D, 1.852 Hi3/2 368.0 
=0.0389 


Referring to tables vide Appendix I and LI, we 
have, 


D. 
when Z=27.66, y=—-=3.92, whence D,=7.27 ft. 


© 
D 
and when Z,=0.0389, y:= —— =0.142, whence 


HL, 
D,=7.29ft. 
Similarly the values of D, calculated for the 
remaining values of q and Hy are as follows :— 


q cusecs. 14.3 28.6 71.4 142.8 214.3 439.5 
Hy ft. 51.34 48.1 29.76 24.94 21.78 14.64 
Hy 
Z= — 27.66 15.7 5.50 2.92 197 0.81 
D 
c 
D, it. 7.27 =10.2 14.85 20.80 24.68 33.8 
q 
= —— 0.0389 0.085 0.445 113 2.12 7.86 
Hi 3/2 
D,. it. 7.29 10.20 14.88 20.70 24.70 33.70 


It will thus be seen that the values of D, cal- 
culated both from tables vide Appendix I and II are 
in very close agreement. 

CONCLUSION 

Extensive tables prepared by the author giving 
relation between the various dimensionless hydraulic 
jump co-efficients have been furnished in this paper. 
The merits and demerits of the extended table of 
Crumps dimensionless cc-efficients given by the 
author vide Appendix I and the author's generalized 
table given vide Appendix II have also been dis- 
cussed. The author hopes that the practical engi- 
neer would find these tables to be very useful for 
deteimining the elements of hydraulic jump parti- 
cularly in the case of high spillway dams. The 
author’s table vide Appendix II and the chart vide 
fig. | have the further advantage of being more 
general in application and of exhibiting certain use- 
ful properties of the jump. 
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Considerations about the Calculations with 
the Total Energyhead in the Trapizoidal 
Profiles (with and without relative numbers) 





This topic was suggested by Prof. Dr.-Ing. P. Franke, UNESCO—Expert, Gs a contribution to the Seminar 

of the Post-Graduate class of Hydraulic Engineering at the College of Engineering of Poona. The com- 

parison of calculations with Energy head with the conventional method and thai with the relative 

numbers of K. Flierl is given in this article. Editor. 
1. Introduction By V. M. DESHPANDE 

1. (1) Notation 

for the critical depth, the discharge flowing 


The following notation is used in this article 
through the channel must be maxinwum and hence 


H=Total Energyhead. fcr maxima the condition is 
Q= Discharge. dQ 
y=The depth of water in the channel. i | 
v=Velocity of water. dy 
k=Velocity head. Differentiating the equation (la) w.r.t.y 
s=Bottom width of the channel. dQ /2g —— (sy + my’) 
m=side slopes of the channel. —_— =, /— [2m H —y —- ——-— + 
F=Area of cross-section. _ dy- a 2VvH-y 
g=Acceleration due to gravity. which gives ; 

Smy° + y(3s —- 4mH) — 2sH=0. (2) 


a=Correction factor for the velocity head. 


1. (2) General derivation The above equaticn gives the relation between 
the critical depth and-the total Energyhead. 


For any cross-section the fcllowing relations hold 





good. The Energyhead (1) Fer the rectangular cross-section m=0, which 
gives y.=3H, which is a well known result. 
H=y +uk , (2) For the triangular profiles s=0, giving y.= 
om m3 */;H, which is also already known. 
+. 3. Maximum discharge for given Energyhead 
=—3 To a For the maximum discharge in a channel, the 


4 ° ° ° . 
following relation is cbtained— 


from which follows the well-known equation ee 
/2g Qinax=F. ° Ve 
.- =(sy, +my*,). 
Q=F../—../H-y.. (1) elites eg 
/ — /H- ye. 3) 
a 


2. Critical Depth with the given Energyhead 
For calculaticn cf the maximum discharge, there- 


The area of cross-section of the channel is fore, the critical depth must be known. The critical 
; ; F=(s + my) y=sy + my’ depth corresponding to the given Energyhead can be 
and from equation (1) _ found out with equaticn (2). Thus knowing the 
_ /2g ge critical depth and the energyhead, the maximum dis- 
Q=F., yes -./H-y. charge can be calculated from the above equation (3). 

H the discharge i : , , 
a ee i 4. Critical depth with the given discharge 
Q=(sy + my’). , / a .«/Mi~¥. (la) For critical depth with given discharge the condi- 


a ticns satisfied are H=H,,,,. and y=y.. 
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e— s <= 
In the case of the trapizcidal channel the Energy- 
head is given as 


a 
H=y+ —v 

2g 
a Q 

ay 
24 
aQ? I 

=y + —— , ——_———— 
2g (sy + my*s’ 


For the Energyhead to be minimum, the condi- 
tion is 


oH 
—- =0. 
oy 
Therefore 
oH aQ? (s+2my) 
—- = |] - —-.—__—- —- = 
oy g (sy +my’)’ 


and the final relation 
(sy+my*))  «Q 
. ee EE ee (4) 
(s + 2my) g 
is arrived at. 
(1) For the rectangular cross-section, m=0, 
which gives 


uQ* 
s’y’.= ——- which is the same as 
g 9 
aq’ 
y= — and is a well-known result. 


2 
(2) For triangular profiles, s=0, giving 








i 2aQ? 
my*,= 
= 
5. Minimum Energyhead for a g:ven 
discharge 


To calculate the minimum Energyhead corres- 
ponding to a given discharge. it is necessary to find 
out the critical depth for this discharge. This can 
be calculated with the help of equation (4). The 
minimum Energyhead can be computed from the 
following equation— 

aQ? 
aera (5) 
2g(sy. + my*) 
6. Calculations of the two depths 

The two water depths viz. one in the subcritical 
region and ihe other in the supercritical one are the 
rcots cf the equation 

aQ? aQ* 
H=y+ — =y+ ——--- —— 
2gF° 2g(sy + my’) 
which being of the fifth order has five roots. Hence 
it is advisable to calculate the two water depths 
with trial and error method as tabulated below. 
(Table No. 1) 





Hiin=Ye . 





7. Illustrations 
[t is propcsed to sclve two examples without the 
use of any relative numbers. 
7. (1) To calculate the two depths 


data : 
Boticm width s=10.0 m 
Side slopes m=2 
Discharge Q=60.0 m*/sec. 
Energyhead H=3.0 m 
Correcting factor for 
velocity head a=] 


To calculate the depths one has to solve the fifth 
degree equation as said previously. Hence the depths 
are calculated with trial and error method as indi- 


cated in the Table 1 below. 




















Table 1 
1 2 3 
aQ ? 
= 0.051 x 3600 = 183.6 
H=3,00 m=const. 2g : 
4 5 6=5 7  8=54+7 9=8 10="/, 11=2x 10 12=4+11 13=2—12 Remarks 





y sy y my? F=(sy + my’) F° 
€.750 7,506 0563 1.125 8625 74,391 
C800 8.000 0.640 1.280 9280 86.118 
C.794 7,940 0.630 1260 9.204 84.640 
2800 28,000 7,849 15,680 43,680 19080 


2,.9°0 29,000 8410 16,820 45,320 2099.4 
2.91€ 29.100 8468 16,936 46,036 2118.9 


1 aQ? q aQ? ; 





— ne fe Diff. 

F 2% F 2F 
0.0135 2,471 3,221 0,221  Depthin 
0.0116 2,132 2,932 +0,068 shooting 
0,0118 2.166 2,960 + 0,049 region. 


0.000524 0.096 2896 0,104  Depthin 
0,000476 0.087 2.987 +0013 _tranquil 
0.000472 0.087 2.997 0,003 _ region. 














| 
| 
| 
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Table i(a}. 





























1 2 3 4 
s=4,00 m m=.1 «cQ = 400 
—— = — 40,76 
g 9,81 
ll 
5 6=I1x5 7 8=S 9 9=2x8 -10=64+9 11=10 12=14+7 13=— 14=3-13 Remarks 
a 12 
sa cee tlidiica | caiteiaee = cs 
y sy 2my y my* F=(sy+my’) F* 3+2my ———— Diff. 
(s + 2my) 
122 3,88 2,44 ‘1,49 1,49 6,37 125,00 6,00 20,83 + 19,93 
1,00 4,00 2,00 1,00 1,00 5,00 242,97 6,40 38,00 + 2,76 
1.22 4.88 2.44 1.49 1.49 6.37 258,00 6,44 40,30 + 0,46 
7. (2) To calculate the critical depth with the given width s and is constant for a particular given sec- 
discharge mH 
tion. The factor --— ranges between 0 and % or 
Data : P 
Bottom width s= 40 m s 
Side slopes m= | the factor —— ranges between x and 0. The value 
Discharge Q=20.0 m*/sec. mH 
Correcting factor for mH , ; ; 
velocity head a= 1 of —— can be conveniently chosen in the range of 
For calculating the critical depth equation (4) has ° mH mH 
to be solved ; but this is also of the sixth degree 9 to | with ——- =0 for rectangular sections and-——— 
and trial calculations are better. as in Table I(a). 8 P 
s 
The critical area of cross-section from above =! for trapizoidal section. The value of ——- in 
table is 6.37 m*. Hence the velocity is 3.14 m/sec. ; : _mH 
and the velocity head is 0.503m. The minimum the range of pH, includes all other possibilities of 
o ‘ j = 1.72 2 er : : : 
energyhead, therefore, is Hmi,.=1.723 1.72 m. variations of —-— i.e. in the range of | to x ; with 
. s 
8. Calculations with the relative numbers of =. at , 
K. Flierl —— =1= —— for trapizoidal section and —— =0 
mH S mH 


8. (1) General derivation 
The equation for the discharge in the trapizoidal 
channel can be written in the form as—- 


y y /g | y 
Q=(sH . — + mH’. —:),/ —.,/H(- —). 
H H? u H 
y mH y /2 /- 
=sH (—+——.—),/—-,/Hi-— © 
H g a H 
or alternatively as 


s y yi /2g y 
Q=mH(—. —+—),/ —.,/H(Ul- —. @ 
mH H EH a H 
y mH . 
It is evident that the terms -—.—-— and ——- are 


S mH 
non-dimensional factors. 
8. (2) Discussion of the relative numbers 


mH s 


It can be seen that the factor —-- or —— in- 
s mH 


cludes the slope—conditions m as well as the bottom 


for triangular section. 
9. Basic equations for the relative numbers 
The relative numbers are denoted as-— 


y 
ms =/ 
H 
mH 
y= —— 
Ss 
- s 
and y= —-- 
mH 


Placing ccnveniently the given conditions in the 


range of 0 tc | either with’ or n, the following basic 
equations are obtained from equations (6) and (7) 
Q —_ -—- 
waamnemme eet ie <i. F" /T-f +07 /1-f 
2g 
sH.,/H../— 
a 
=6 + nf6* = +t (8) 











20 
and —_ a 
Q ‘ 
—_ —=W ./ 1-r+i",/ 1-? 
{/ [28 
a ../%.,./=— 
a - ~ 
= no + f6 =—T (9) 
where ;' and © are the proportional factors by 
K. Flierl.* 


10. Different slopes on two sides 


If the slopes on two sides of the channel are 
different. e.g. m, and m,, then follows— 





m, +m, 
Pa + ——— 7 
2 
=by + m,,y" 
consequently 
m,,H 3 S 
y= — and y= — 
s m,,H 
- Q 
nad = — (10) 
/ [2s 
mo .,/sx/ — 
a 


Calculating the values cf + or + from the known 
conditions, ; can be found from tables 2 or 3, and 
hence the depth as 

y=/H (11) 
Critical depth with the g:ven Energyhead 


The equation for the critical 
written from equation (11) as— 
y =—/e 
where the value ,. corresponds to the relative num- 
« mH 
For the ccndition 


11. 
depth can be 


<i, 


ber + or = 
Ss 


from equation (8) follows 
t= 1-/+u/",/ 1-FP 


= (/ ee 1-f. 


Differentiating for maximum and equating to 


ZCI 
Cr — (/ +n/*) 
= (j 2H) \ 5 =) 
é 2/ 1-f 
is arrived at, trom which follows the condition 
51/ (3 — 4y)-2=0 (12) 
Fer rectangular profiles »=0 and hence /.=4. 
Similarly from equation (9) 
= “ ] fp .° « ] f 
>. 2 miplete d ission of the relative numbers f and 
( K. Flier yivel 
Flies K l ye jer Versuchsanstalt fir Das 
erbau ] n Hochschule Miinchen. Olden 
bourg, Munchen, 1953. No pp. 1-41 
Franke P Ca jlatlior wit! he Energvhe ! Judion 
Jon I? and fiver Valley Development, 
\ 11). No. 2 (Feb. 1958 pp. 19-24 and 26 
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Differentiating and equating to zero the condition 
(13) 


arrived at. For triangular section »=0. Substitut- 
ing this in the above equation (13) /,=*/; is obtained. 
12. Critical depth with the given discharge 

For the calculation of critical depth with the 
given discharge the condition satisfied must be 
Q=Q,,.. with H=H,,,. The problem is to calculate 
the minimum Energyhead under which the given 
discharge is even pcssible and then the critical depth. 


5/2 +P Bn—4)+2n=0 








MHhnvin 
(a) For »=——— <1 the value 
. = 
Q 
—— becomes with 
/ /2g 
8. Haw, / Men -./ - 
a 
s 
H,,,, n— NN". 
m 
Q 
Tmax — 
s 2 
s.(—p/2 . n,3/2, js 
; m “ 
As 1, is an unknown value, taking it to the left- 
hand-side 
Q 
Tina? 2= (14) 





$} 32 /2g 
es “| /- 
m Oo 


It _ 7 readily seen that t,,,.»,3/2 is a non-dimen- 
sional factor, which depends on the shape and the 
discharge of the channel. 


& Similarly for ».>1 with the relationn,= 
r a 





—— or H,,.=— — the equation (9) can be put 
™mH,, n mr, 
in the form - 

Tmax Q 

sine tt - (15) 

- S| 5/2 /2g 

No?! = m. evar 

m h 


Comparing the right-hand-sides ) i 
Ig | -sides of the equ: 
and (15) it is evident that ee 


isc 
= " a 
For triangular sections s=0, which means that 
equation (14) has an infinite value. Hence with 
Values Of tus} 2>I1, the reciprocal of it is to be 


calculated as 
‘a s | 3/2 /2g 
5,2 S. : / 
1 


\ 
n “ 





Tass 2 "oo O 
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: Tmax 
Knowing the values of tyax%3/2 or --— from table 
No2/2 
4 or 5 the value cf », can be calculated easily and 
hence the minimum Energyhead from the expression 
s S 
H,..»n= -— or = 9 
m M.N, 
So also from the same tables the value of ;. can be 
found and the critical depth 
Yo=/eH min (17) 


can be computed. 
13. 
The illustrations in the article 7 will be solved 
with the relative numbers, to show the ease with 
which the calculations can be done. 
13. (1) To calculate the two depths 
Data same as for 7.1. 
Calculations : 


(16) 


Illustrations 


mH 2,00 x 3,000 
= — =0,60 
s 10,00 
The relative number 
Q 60,00 


| 











2 


/2g 
3.8, /8.,/— 


a 


10,00 x 3/3 x 4,429 


= 0,2608. 


From table 2 the values of ;’ in tranquil and 
shooting regions are respectively 


?” =0,2650. 


Hence the depths in the respective regions are 
y =/H=2,9142 = 2,91 m 
and y”=/”H=0,7950=0,80 m 
13. (2) To calculate the critical depth with the 
given discharge 
Data same as for 7. (2) 


and 


Calculations : 


The non-dimensional factor 


Q 


{P= 
Ss J— — 


3/2 
Tnnax"e — 


‘ 


mM; a 
20,00 


4,00 x 4,003 2 x 4,429 
= 0.1411. 





The values of relative numbers from table 4 are 
.=0,430 and 7.=0,7117 


S 
Hinin =e - — =0,430 x 4,00= 1,72 m 
m 


and ye=/’tHjnin=0,7117 x 1,72=1,2241 1,22 m. 


Therefcre 


14. Conclusion 
From the above discussion and illustrations, the 
advantages viz. the ease and quickness, of calculat- 
ing with the relative numbers will be self-evident. 





f’ =0,9714 
Table 2. 
t=0(1 + /’) 
f =o 

=U n=0,2 »=0,4 7»=0,6 7=0,8 n= 1,0 
1,0000 0,0000 0,0030 0,0000 0,0000 0,0000 0,0000 
0,9090 0.2846 0.3358 0.3871 0,4383 0,4895 0,5408 
0.8000 0.3578 0.4150 0.4723 0.5295 0,5867 0,6440 
0,7403 oe Maximum =~ 0,6566 
0,7326 as ons 0.6009 
0,7226 Maximum ve 0.5456 ae 
0.7095 a J 0.4999 - oe a 
0.7650 0.5834 0.4371 0.4908 0.5444 0.5981 0.6518 
0,6917 : 0,4372 Maximum oe oF 
0.6667 0,3849 se = a : mF 
0.6200 0.3795 0.4250 0.4706 0.5161 0.5616 0,6072 
),5000 0.3536 0.3889 0.4243 0.4596 0.4950 6.5303 
0.4000 0,3098 0,3346 0.3594 0.3842 0.4090 0.4338 
0,3000 0,2510 0,2661 0.2811 0.2962 0.3112 0.3263 
0,2000 0,1789 0.1860 0.1932 0,2004 0.2075 0.2147 
06,1000 0,0949 0,0968 0,0987 0, 1006 0.1025 0,1044 
0,0000 0.0000 0,0090 0,0000 0.0000 0.0000 0,0000 
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Table 3. 
t=0(n+f) 
f t=of 
n= n=0,2 n=0,4 71=0,6 n=0,8 n=1,0 
1,0000 0,0000 0.0000 0,0000 0,0000 0,0000 0,0000 
0,9000 0,2561 0,3131 0.3700 0,4269 0,4838 0.5408 
0,8000 0,2862 Max. 0,3578 0.4293 U,5009 0,5724 0,6440 
0.7823 0.3586 7 Maximum an or 
0,7683 re 0,4321 - 
0,7570 Maximum ae 0.5064 ie 
0.7479 0,5813 by 
0.7403 ii »: i roe in 0,6566 
0,700G6 0,2684 0.3451 0.4218 0,4984 0(5751 0.6518 
0,6000 0,2277 0.3036 0,3795 0.4554 0,5313 0,6072 
0,5000 0,1768 0.2475 0,3182 0,3889 0,4596 0,5303 
0,4000 0,1239 0.1859 0.2479 0,3098 0,3718 0.4338 
0.3000 0.0753 0,1255 0,1757 0,2259 0.2761 0.3263 
0,2000 0,0358 0,0716 0,1073 0,1431 0,1789 0,2147 
0,1060 0,0095 0.0285 0.0474 0,0664 0,0854 0,1044 
0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 0,0000 
Table 4. Table 5. 
Ne An fo A Fe No! 2 No?! * 
nr An fe Af. Tnaxto3!2 A(timaxte3/2) —- A(—) 
Tmax Tmax 
0,00 0,6667 0,0000 1.06 0,7403 1,5231 
0,10 0,0135 0,0129 0,10 0,0036 0,2814 
0,10 0,6802 0.0129 0,90 0,7439 1,2417 
0,0114 0,0262 0,0040 0,2569 
0,20 0,6916 0,0391 0,80 0,7479 0,9848 
0,0097 0.0371 0,0043 0,2309 
0,30 0,7013 0,0762 0,70 0,7522 0,7539 
0,0082 0,0480 0,0048 00,2032 
0,40 0,7095 0.1242 0,60 0,7570 0,5507 
. 0,0070 0,0590 0,0053 0,1739 
0,50 0.7156 0.1832 0,50 0,7623 0,3768 
0,0061 0.0704 0,0060 0.1426 
0,60 0,7226 0,2536 0.40 0,7683 0,2342 
0,0053 0,0821 0.0066 0,1095 
0,70 0,7279 0.3357 0.30 0.7749 0.1247 
0,0046 0,0942 0,0074 0.0748 
0,80 0.7325 0,4299 0,20 0,7823 0,0499 
0,0042 0.1069 0,0082 0,0401 
0,90 0,7367 0,5368 0,10 0.7905 0.0098 
0.0036 0.1198 0.0095 0,0098 
1,00 0,7403 0,6566 0,00 0,8000 0,0000 
Note : For detailed 5 figure tables please refer bourg, Miinchen, 1953, No. 1 
Flierl, K. : Mitteilungen der Versuchsanstalt pp. 1-41. 
fiir Wasserbau der Technischen Commas instead of fullstops have been used 


Hochschule 


Miinchen. Olden 


to denote decimal point. 











Hydraulic Turbines—Il 





DIMENSIONING 


Impulse Turbines 

The diameter D of the runner is taken as the 
diameter of the pitch circle—the points of contact of 
the jet(s). The peripherial speed of the buckets is 
usually 0.45 to 0.48 times the velocity of the jet. The 
velocity of the jet will be about 98.5% of the free 
spouting velocity 








x DN ee 
- = » 2gH 
12 x 60 
ov 2gH x 12 x 60 
N= -— -_—— 








xD 
845 /H 


(16) 
D . 
Where D—pitch circle diameter inches 
H—-head feet 
g—32.2 
~—0.45 to 0.48 (average 0.46) 
The quantity (Q cusecs) discharged through a jet 








of d inches 
ad? 
Q = ——-v 2gH 
4x 144 
4.83/Q 
d= —_ 
H: 
550 HP 
Since Q = —— 
62.5 nH 
15.5./ HP 
édq=— . 
H+ 
with 1»=85.5% (17) 


Jets of 14 inches diameter have been used. With 
N, and H_ being fixed (eq. 4) the speed may be 
increased by dividing the power between more jets. 
Since N, is proportional to roct of power the speed 
of the turbine is proportional to the root 4 root of 
number of jets. 

Nav Number of Jets (18) 

For two jets the speed is increased by 41.4%, 
three jets 73.2°%,, four jets 100%, and so on. 

For horizontal arrangement for heads over 2000 
ft. single jet is used and for lower two jets. For 
vertical arrangement two jets are used for heads over 
two thousand and may be more for lower heads. 

845./H dH}. /n 
ee eR 








D 14.35 445/4 





By N. VENKATA ROW 


54.5 


D 


(19) 


d 

It will be scen that on the ratio (m) of the pitch 
circle diameter to the jet diameter the specific 
speed depends. The jet ratio can be selected as high 
as desired for slow running wheels. For fast running 
wheels values of 8 or 7 or even lower have been used. 
The highest degree of efficiency is obtained for 
values between 10 and 15 and decline taking place 
for lower values. A high value leads to a non-cor- 
roding runner but gives a lower speed. The highest 
ratio employed has been in the case of Glarus Plant 
in Switzerland. The turbine is rated for 3000 Hp to 
operate under a head of 4850 ft. at 500 RPM. The 
pitch circle diameter is 140 inches and the jet dia- 
meter is 1.5 inches. 

Higher speed may be attained by increasing he 
number of jets but this results in a complicated lay- 
cut and construction. The bucket dimensions have 
a direct relation cn the jet diameter. 


Width of the Bucket about 3.0 -3.5 d 
Length of the bucket 0.8 -0.9 B 
Depth of the bucket 0.27-0.3 B 
Width of the cutout section 1.2 d 


It will be seen from the data given above that 
with the increase of the number of jets the jet dia- 
meter decreases and the bucket dimensions become 
smaller. As the buckets form the most expensive 
part of the runner high speed means a reduction in 
the cost. On the other hand this saving is outweighed 
by more expensive construction due to the higher 
stresses in the revolving parts. It should also be 
borne in mind that the run-a-way speed increases, 
which has an influence on the unit design. 

The number of buckets for the best efficiency : 

D 

Z = 0.5— +15 (20) 
Separate buckets form twin buckets, the centre por- 
tion of which halves the jet diverting it on either 
side. Impact on the back of the buckets which im- 
pairs the efficiency, is prevented as far as possible 
by carefully designed cutout sections at the inlet. 
The edges of these sections are highly stressed and 
are subjected to corrosion. 

In the earlier designs the buckets were bolted to 
the central disc. Still such a design is being used by 
some manufacturers. Photoelastic studies of the 
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bolted bucket designs revealed some highly siressed 
parts at joints between the wheel disc and the buckei 
lug. After considerable experiments it was found 
thai substantial reduction of stress at these critical 
points can be obtained by grooves located around 
the bolt holes of the wheel disc and the bucket lug. 

Advances in the foundry technique have now 
made possible single piecé runners with buckets cast 
integrally. Sometimes it is preferred to have the 
buckets cast in the form of a ring and then the ring 
fixed on to a central disc. 

The shape of the bucket gives considerabie diffi- 
culty in casting and all foundries will not be able 
to undertake the casting. To overcome this, steps 
were taken to design and manufacture welded plate 
buckets. Welded plate buckets were installed on 
the seven units of Big Creek Impulse Turbines. 
A recent further development has been the con- 


dam in the world, backsup the water in a lake. 
There are two power tunnels each 10 miles long 
25 feet in diameter separated by 300 feet leading 
to a surge shaft. From here the water is led 
through penstocks each of 11 feet diameter and 
4000 feet long. The wyes are of A.O. Smith design 
multilayer construction. 

The power house is a vast excavated cave a 
quarter mile inside a mountain. The turbiues are 
designed to operate at 327 RPM under a head of 
2500 feet, each with four nozzles. For this parti- 
cular head the units are the largest ever built. 
There were three different suppliers for the first 
three turbines. The constructional methods as well 
as the technical details differed from each other. 
The jet diameter was approximately 84” and the 
pitch circle diameter varied from 132 to 1343”. 














struction of integrally fabricated impulse runners to Censtniation . 2 ; 
take place of integrally cast runners. In this type . : : : 
; ; of Buckets welded bolted _ integrally 
the bucket bowels are die-pressed of plate steel in pros : 
Cast 
one piece with a forged steel splitter welded in. The a oe an 4 ” 33 
bucket bowels are then welded to two plate steel Weight of iy ’ a 
rings with notches cut into them so as to form lugs e 
, , runner—tons 24 30 - 22 
for supporting the bowels. This type of construction pve : 
nee verage efficiency 
has been employed for the 39000 HP six jet San (92-150, COOHP) “, 91 90.6 90.9 
Bartolo Plant and the 140,000 Hp runner for the "Pn . ; ; 
Kemano plant. : efficiency“, 91.4 91.4 90.9 
The casing for the runner must afford sufficient ver 
learance between itself and the runner to prevent Maxenem Cut- 
clearance between itse and the runner to preve put Hp 156000 157700 15430) 
the water splashing back on the wheel. In some ee 
eiinne tine soak dal tin annie 2 ided with Discharge cusecs 
a oo ee ee ee eee oe Maximum 607.5 620.7 607 
suitable insertions for diversion cf the spray. 
Data of some Installations 
Station Country Head ft. Hp RPM m Arrangement 
Dixence Switzerland 5707 50066 500 33.9 H2RIN 
Reisseck Australia 580) 31000 750 206.1 — 
Pallivasal India 1877 Oe 750 10.9 HIHIN 
Pykara do 2813 18750 600 13.1 HIRIN 
Moyar do 1218 18600 428 9.4 V2N 
Kundah | do 1040 28750 428 10.3 VSN 
Kundah I! do 2340 50000 428 16.7 V3N 
ElSalto Canada 1350 13350 600 11.8 V4N 
Bridge River do 1115 62000 327 — V6N 
H2RIN stands for horizontal two runners each with one The generators were rated for 114 MVA. The 
____ ‘Rozzle. ; protection system was very elaborate. The power 
V2N stands for vertical two nozzle. 


In the case of the Dixence a high value of m was 
chosen due to the limitations of the generator design. 
Impulse Turbine Installations : 

Kemano-Kitimat Hydro-Electric Project situat- 
ed in British Columbia is a unique installation. 
This station is for an ultimate capacity of 2,240, 
0OOHP—the largest under a private enterprise. This 
block of power is for the use of aluminium smelting 
—the largest smelter in the world. 

The Kennedy Dam, the third largest rock filled 


generated was stepped up to 275KV for transmission 
over a distance of 70 miles. 

An interesting feature of the turbines was that 
due to the nature of the load it was necessary to in- 
crease the load from zero to full value instantaneous- 
ly. This requirement complicated the design as the 
hydraulics of the power tunnel and the pressure con- 
duit systems necessitated the use of minimum tur- 
bine-nozzle-needle-opening time of 30 seconds. To 
meet the situation a special device was incorporated 
in the governor so that the needles may be opened 
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fully while the deflectors maintain the unit at syn- 
chrencus speed even with no load on the generator. 
As soon as the load is thrown on the generator the 
deflectcrs automatically open at their maximum rate 
to permit the turbine to assume the full load. Loss 
of icad will not lead to excessive rise in speed as 
tht deflectcrs will quickly divert the power jets from 
the buckets. This will permit the closure of the 
needles in relatively long time of about one minute, 
to suit the hydraulics of the penstocks and the tunnel. 

fhe Chandoline Power House is the highest head 
impulse installaticn, second to Reisseck. For greater 
econcmic utilisation of the hydro potential Grand 
Dixence Scciete Anonyme, Lausanne undertook 
extensive investigations for increasing the capacity 
of the Dixence lake. As a result they had planned 
exiensive pumping stations and tunnels to feed the 
lake. The criginal lake is of capacity 50 million 
cubic meters and the dam of 8C meters height. 
With the extensions planned the dam will have to be 
raised to-a height of 284 meters to store 460 million 
cubic meters of water. Instead cf hightening the old 
dam a new one has been planned about 369 meters 
away {rom the cld one. Such a plan will not cause 
any interrupticn in the running of the Chandcline 
siation. 

Ihe Lake Grand Dixence will be feeding three 
generating stations Chandcline, Fionnay and the 
Nendaz. 

The Chandoline station has five horizontal shaft 
impulse units. Each comprises cf two impulse 
runners each wheel with a nozzle. Each unit deve- 
lops 50,000 HP and designed for a maximum opera- 


ting head of 1740 meters and a minimum head of © 


1563 meters. With the increase in the lake capacity 
the water level rises by 123.5 meters. As the units 
cannct werk under such an increase of head a pres- 
sure reducer was planned. After extensive labora- 
tory experiments with air as well as water as the 
wcerking medium and also scaled mecdel installation 
on Sernf pipe line Messrs Escher Wyss cvclved two 
pressure reducers. These pressure reducers are for 
installation in a line branching off from the main 
tunnel leading to the other stations. Immediately 
after the pressure reducers (one a standby) is a surge 
shaft of 80 meters depth equal to the height of the 
old dam. 

From the Grand Dixence lake is a tunnel of 5.3 
miles length for a dischange capacity 59 cyds/sec. 
leading to another surge shaft. Frem the surge shaft 
penstock pipes take off to Fionnay station each pipe is 
1360 yards in length and diameter ranging from 10 
feet to 9 feet. The thickness at the start is 19/32” 
and nearer the station 2 1/8”. There are six gene- 
rating units each developing 77,200Hp at 428 RPM 
under a head of 2867 feet. Each unit comprises of 
two impulse wheels each wheel with a nozzle. 

The water discharged from Fionnay is utilised 
for the Nendaz power station which houses six units 


each unit comprises of two impulse wheels. Each 
unit is of capacity 4500JHP working under a head 
of 3306 feet. 

Reaction Turbines: 

Scroll case is the commonly used form of casing 
for the reaction turbines. Area of the casing is deter- 
mined by the Vortex law i.e. the tangential compo- 
nent of the velocity multiplied by the radius at the 
particular point (measured from the centre line of 
the shaft) is a constant. The casing can be of RCC 
or cast iron cr plate steel. The water velocity and 
smooth flow are the most important factors in the 
casing design as they affect the efficiency and the 
steadiness of operation. The water velocity depends 
on the head and the type of casing. For RCC the 
velocity is not to exceed 10 ft/sec and 14% of the 
spouting velocity. The carresponding values for 
cast iron and plate steeel casings are 20 ft/sec. 16%, 
and 30 ft/sec and 25%, respectively. 

For Francis turoines the inlet diameter will be 
about 1.25 times the runner discharge diameter. The 
maximum cverall diameter will be about 3.6 times 
the discharge diameter cf the runner and the mini- 
mum value 3.1 times. 

In the case of the Kaplan turbines, where large 
quantities cf water are involved, the instake is to 
be designed with utmcst care to minimise the losses. 
It may be necessary tc install two piers to carry 
the rather heavy Icad of the structure. 





INLET 
Plant Width height area of discharge Velo- 
the three cusecs city 
openings 
Kentucky 16” 36° 1902 9630 4.73 
Fickwick 188” 41’ 2292 11200 4.90 
Whecler 18’ 41 2052 9200 4.49 
Chikamauga 178” 35’8” 1893 10700 5.65 
Watts Bar 164” 378” 1848 8000 4,33 





For Kaplan the ratio of the total width of the intake 
to the runner diameter will be about 3. 

Speed ring is that part cf the turbine which con- 
nects the cover plate and the discharge ring. In its 
simplest fcrm it consists cf upper and lower rings 
connected by stationary guide vanes or stay rods— 
hence also called the stay ring. This ring may 
either be cast separately or integrally with the cas- 
ing or fabricated. 

The guide vanes control the flow of water to the 
runner. Their number varies from 12 to 24 and 
always different from the number of buckets in the 
runner of the Francis, to avoid pulsations. Depend- 
ing cn the head these are made of cast iron or cast 
steel or bronze. There is tendency to fabricate the 
vanes also. 

The stems of the vanes extend cutside the cover 
and are linked by a shifting ring, which is turned 
by two cennecting rcds actuated by the governor. 
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Due to the governor action the vanes are in action 
continucusly. If the water is not desanded silt will 
get between the vanes and the guide ring and ercde 
both. When water carries considerable sand the 
guide wheel rings are lined with renewable facing 
rings. 

Ic prevent interference between the runner and 
the wicket gates a space of about 3.5% of runner 
diameter is left in the case of Francis turbines. 

As the specific speed decides the runner dimen- 
sions this has to decided first. Fer Francis turbines 
of high head type Morgan Smith formula (6) can be 
used whereas for other heads Moody’s (5) gives 
fairly accurate results. With N, fixed and conse- 
quently the spced, the next important figure is the 
discharge diameter. This helps in fixing the scroll 
case dimensicns, drafitube dimensions, spacing etc. 
For Francis: 

1840 4 VH 
OO ek cieiasieliiaeondne 
D, 
Where DI is the diameter at the inlet in inches 
9 coefficient varies from 0.65 to 0.9 

For the Kaplan turbine the ccefficient 9 varies 
from 1.45 to 1.85 which means the peripherial velo- 
city is greater than the free spouting velocity. This 
is due to the fact that the runner is placed in a con- 
traction where the velocity is greater than the free 
spouting velocity. 

Discharge= Area X velocity 
a D* » ¥2gH 
4x 144 
Where D2 is cutlet diameter 
\, velocity co-efficient at outlet 

Incerporating the above in the basic specific 

speed formula and simplifying we get 
D, 
Ns = 130 y —Vv pn 


From 


1 
Runner cutlet diameter 
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i), varies from C.20 to 0.33 for Francis and not 
greater than 0:7 for Kaplan 
Designating / for the height of the gates, ‘!, velo- 
city coefficient cf water passing through the gates 
aD, hi 2¢H 











12x 12, aT 
1840), /H /aD, hi, /2gH ny 
Ns= — --— 
DPiH?’* ,/ 12x 12x88 
/h 
= 2601) / —, n 


a/ D, 

The co-efficient (), ),, i, are variable depending 
on the runner design. The following emperical 
formula may be used for arriving at the ratio of the 
discharge diameter to the inlet diameter of the runner 

D, 
— = 0.01 N,+0.49 
D, 

It will seen that the ratio varies with N,. For 
high head Francis runners i.e., with low N,, the in- 
let diameter will be higher to suit the speed without 
going to a peripheral velocity out-of-proportion to 
the water velocity. The quantity of water being 
smail the height cf the distributor will be small. For 
high speed Francis runners the inlet diameter will 
be smaller than the cutlet diameter. The height of 
the distributor will be more, as a larger quantity of 
water has to be handled. The height of the wicket 
gates may be approximated to 

lh 
N, = 134/ —--17.5 (22) 
Vv D, 

With increase in specific speed the diameter at 
the inlet gets further reduced. The entrance and 
exit edges of the blades become. continually flattened 
almost lie hoerizental. Finally with the highest speed 
the band at the cuter end of the vanes disappears. 
Narrower and fewer blades are used for reducticn 
cf friction. The runner then becomes the propeller 
type. 

In the Francis turbines the flow 


(21) 


is axial and 





x D.' 550 HP in propeller is axial. A substantial reduction in fric- 
sineaeaia —— x 0, 28H = Q = ———_—_ tion looses has been possible in Propeller type by 
4x4x 144 62.5 nH moving the inlet edges of the guide vanes into the 

14.19 /Hp whirl chamber. The water flows radially through 

=— /—- the guide vanes and in the intermediate space it is 

H?)4./ on deviated into axial direction. 

Project. HP Head ft Ns DI D2 h N 
ell in inches 

Beculder 11400U 476 27.8 171 132 19 180 
Dnieper 85809 113 70 182 230 78 88.2 
Fontana 93300 333 32.6 — 144.5 29 150 
Hiwassee 79500 189 48.3 161 165 — 120 
Norris 69600 165 50.2 161 165 42 112.5 
Wilson 36000 85 73.3 132 179.5 56 100 
Bersimis 200300 875 26 144 102 14 277 
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The model ratio M cf a given turbine is defined by 
the equation 

M = VHp/H4 (24) 
The specific diameter Ds in inches or the discharge 
diameter of a homologous one is 


D, = 129/N,°" For Francis (25) 
D, = 113/N,°"* For Propeller (26) 
[he required diameter is D, = mD, (27) 


[he distance between the centre line of the 
runner to the bottom of the runner (A) in the case 
of the Francis turbine and centre line of the runner 
to the centre line the distributcr in the case of the 
propeller may be obtained from 


A ~~ 
— = ——- For Francis (28) 
D, = 10.7 
= 0.41 For Propeller (29) 
= 0.37 For Kaplan (30) 


In the case ci the Kaplan turbines the discharge 
diameter may be expressed with a fair degree of 
accuracy by _— 
/Q 
_ B 
For the Francis turbine the constant is somewhat 
variable. 

Example : 


D, = 55 *./ (31) 


Consider the case cf a 23,000Hp 
turbine working under a head of 
630 feet. 

From Moody’s formula the specific speed 26.6. 

The speed then will be 550 RPM, the next syn- 
chronous speed is 600. 

D./D, 0.756 

/ 23000 

M = / -——— 

./ 6303/4 
Ds 37.15 

Hence D.=45” and D,=59.5” 

The buckets cr the blades in the case of the 
Francis turbine will vary from 21 in the case of low 
head installations to about 12 in the case of high 
head installations. The number of buckets (Z): 


55 
oe (32) 
3,/N,; 

For the Kaplan turbines the hub details required 
to effect the blade adjustment offer many possibilities 
for variation and the problem of space and strength 
have been aggravated by higher heads and conse- 
quent increase in the number of blades. It is not 
the head along which fixes the number of blades. 
Blade length, shape and the specific loading and 
height of the centre line of the runner above the 
tail race are all factors which are to be taken into 


1.207 


y 





account. K.M.W. gives the guiding values. 
Number of Head range 
blades in Ft. 
4 40-50 
5 80-100 
6 115-130 
7-8 over 130 
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Different manufaciurers adopt different number of 
blades depending on their design. 

The exact value of the run-a-way speed can be 
predicted from Model tests in laboratory. R. E. 





Krueger of Bureau cf Reclamation proposed 
H=Working head 


Flnss bad 
N,=K.N.f — 
H 
Unit spacing 


where K=0.003 N, + 1.7 
N,=Specific speed 
Hyax. =Maximum head 
The width of the unit block is determined in 
low or medium head installations by the hydraulic 
requirements and erection clearances. For high head 


installations the generator diameltrr decides the 
Spacing. 
Francis Spacing from 
CL to CL =3.8to5 times the runner 
discharge diameter. 
Propeller 3.3 


Draft Tube 

The draft tube connects the turbine with the 
tail race. As long as the difference in levels of the 
tail race and the turbine exit is within the atmos- 
pheric pressure the negative head in the draft tube 
adds to the positive head of the penstock to make- 
up the total head on the runner. Although the 
atmospheric head is 34 ft. the draft head is rarely 
kepi over 15 ft. Draft tubes are never used in the 
cast cf pelton wheels and hence the head from the 
nozzle to the tail race is lost. 

The discharge diameter for constant head, power 
varies inversely as ‘the specific speed, hence the 


greaicr the speed the greater is the velocity of 
water leaving the runner. 
/ xD," 
¥sQ-————-~ 
pax 12 
Where V is the velocity 
Q discharge in cusecs 
D, discharge diameter of the runner 


Taking the case of the 60,000 Hp Bonneville Kap- 
lan turbines having a discharge diameter of 280” and 
discharging 12,000 cusecs. 
xD? 
12000 = V —-— 
4x 12x12 
V=28.5 
It will be seen that a substantial part of the energy 
still remains unutilised. The draft tube serves to 
decelerate the water with a minimum of loss so 
that the energy is regained. In the case of the above 
example of Bonneville turbines the water is decel- 
lerated to 5 ft. at the exit. For gradual decelera- 





tion to avoid eddies a minimum of length is neces- 
sary. With the increase in the quantity of water in 
the case cf low head installations the shape of the 
draft tube deserves greater consideration. The head 
regained is 
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where V velocity at the runner exit 
V, Velocity at the draft tube exit 
n_ efficiency 

The smaller is the value of V, the higher the 
gain. For this reason the problem cf expansicn of 
the tube in the direction of the flow is of importance. 
For a given length excessive expansion results in 
the water stream separating from the tube sides. 
The intervening space will be filled with eddies. 
This will cause losses and consequently every care 
taken in the calculations will lessen the same. 

The velccity ratio at the discharge end (ratio of 
the discharge velocity to the free spouting velocity) 
varies from C.40 to €.15 and at the draft tube exit 
the ratio varices from 0.10 tc 0.02. Between a poorly 
designed draft tube and one cf gcocd design, the 
gain in efficiency will be as much as 2%. 

The ccmmonly used draft tube is of the elbow 
iyp-. There will be a single pier or a double pier 
as the case may be. 

A set of reccmmendaticns based cn some cf the 
existing installations : 


Length “Depth Outlet” Depth at 


Type 
of tube width outlet 
In Terms of Discharge Diameter 
Francis 40 2.75 30° 1.20 
Propeller 3.85 2.70 2.50 1.15 


Cavitation : 

The setting of the turbine with respect to the 
tail race is of paramount importance as improper 
setting will lead to pitting which is caused by cavi- 
tation. The accompaniments of this are loss of 
efficiency of the unit, vibration etc. A case has been 
cen reccrd where the runners were so badly pitted 
by cavitation that they dropped off into the draft 
tube before it was realised what was happening. 

Cavitaticn number or Thoma Number is defined 
by the equation 


Ha — Hm — Hs 
i SG cacurcneaingibdamaae 
H 
H, atmospheric pressure 
H,, pressure at the runner discharge end 
H, static head (the distance between the tail 
race and the discharge end). 

H head 


cavitation co-efficient 


Assume that beth the head and the tail water levels 
are Iewered by equal amcunts. The head remains 
ccntant whereas the draft head changes so that H,, 
will rrcegressively decrease to a point where it equals 
to the vapour pressure for that particular atmos- 
The vapour under these condi- 
The fermation of vapcur 


rheric cenditions. 
ticns will fill the cavities. 
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pockets is called cavitation. Laboratory invesliga- 
tions cn models have shown that the rate of form 
and collapse of the bubbles is of the order of 10,000 
to 20,00) per second. The pressure produced by 
the collapse cf the bubble is enormous which acting 
for a small duration cn a small area causes destruc- 
ticn cf the material. 

Studies cn experimental models with constant 
head and RPM and increasing static draft revealed 
that when a particular draft head is attained there 
is a fall in efficiency. This indicates a departure 
from normal conditions and the value for these 
conditions is the cavitation co-efficient. 

For Francis turbines an empirical formula con- 
necting the specific speed with the minimum cavita- 
tion has been propcesed by Roger : 

Ns 


«6 = 0.625 (33) 


103 

In the case of the prcpeller turbine a runner of a 
given specific speed has an allowable plant sigma 
dependent on the blade area. A fair degree of re- 
liance can be placed cn the following formula : 
] Ns | . 

o = 0,28 +—-- 
7.5 [ 195 | 

A value 10°, higher than given from (34) will 
have to be taken for Kaplan. The above formule 
gives the lowest values that cculd be used. The 
aciual values should exceed or at lest equal to the 
minimum. 

There is yet ancther empirical formula : 

Fm = [3.6x 1074 x N43] + [4.0 106 x NE 3] 
Thrust bearings 

Fer supporting vcriical water turbines thrust 
bearings are required which not orly take the weights 
of the rctating parts—runner, shaft and the generator 
rctcr—but also the hydraulic thrust. 

The cperation of the thrust bearing is based on 
the principle that an cil film is formed between two 
suriaces having a relative motion, due to the visco- 
sity and adherence cf cil to the surfaces. The first 
thrust bearing using that property appeared in the 
market in the names cf Kingsbury and Mitchel. Both 
these centain tilting thrust pads, each mounted cn a 
pivot as the stationery part cf the bearing. The 
rotating part is a ring rigidly connec‘ed to the shaft 
by a ccllar and the usual key system. 

The whcle bearing is immersed iz an oil bath. 
The rotating surface in ccntact with the oil in the 
gaps left between the pads washes the oil along 
with it in its rotation. The oil which is highly ccm- 
pressed gets heated up and corsequently coclers are 
tc be provided. 

The hydraulic thrust may be calculated from : 
Thy =CHD’ (35) 
Thrust in Ibs. 

Head in feet 


(34) 


Thy 
H 
[Continued on page 36 








Assessment of Shearing Factors for 
Earthen Embankment Design 





This paper deals with the derivation of methods 
for rapid determination of shearing factors i.e. angle 
of internal friction and cohesion of soils. The angle 
of internal friction of a soil is related with its cons- 
tituents 1.e. clay, silt and sand. In this connection for 
clay determination, a formula is obtained related to 
the plasticity index of the soil. The cohesion of a 
soil is also related with its plasticity index, and a 
formula is obtained. 

The shearing resistance of the soil is the main 
asset for the stability of earthern slopes. In shear- 
ings tests, a straight line relationship is assumed to 
exist according to the Coulomb’s equation ; 


s=c+o tan |) (1) 
Where 
s — shearing strength. 
c—Unit cohesion. 
o—direct stress. 
and )—angle of internal friction. 


In reality, this simplified assumption is only 
approximately true. The location of the straight 
line may vary widely with individuals. 

Thus, the determination of ‘c’ and ‘” of a re- 
moulded soil compacted to the required degree as 
required in an earthen embankment, is not a simple 
affair. 

Besides, the tests and condition of tests involved 
are delicate and take pretty long time. 

The writer, therefore, proposes to assess the 
values of ‘c’ and “li of the soils to be used in he 
construction by simpler methods without undergoing 
lengthy conventional procedure of shear tests. 

ASSESSMENT OF “i!” 

The earliest classification of soils is based on 
particle sizes. Limits of various fractions of soil 
have been defined and each fraction named as sand, 
silt and clay under this scheme of classification. 
Opinions do rot differ on these limits, the world 
over, as it will be exemplified by two representative 
opinions from Britain and U.S.A. quoted below .— 

Table I. 
CLASSIFICATION OF SOILS.’ 





M.LT. Classification. Clay. Silt. Sand. Gravel. 
B.S.1. Classification. Clay. Silt. Sand. Gravel 
Particle Size. (MM) 0.092 0.06 2.0 
<- mess 
B.S. Sieve No. (Retained on) 200 7 
-> —-> 





By S. N. AWASTHY 


Thus, it is expected that engineerring soils will 
consist of a mixture of sand, silt and clay in various 
proportions. It can then be said that ‘WW of such a 
soil is a function of its constituents, viz. sand, silt 
and clay or stated mathematically : 

‘=f (sand, silt, clay) (2) 

If a soil containing sand only is considered, the 
above expression becomes ‘!=f (sand). Let the 
following relation be assumed :— 

ih=x. sand. 
Where x is a constant. 

Proceeding similarly with soils having only silt 
and only clay and assuming y and z as respective 
constants in these cases, the following expressions 
can be written :— 


hy, silt. (4) 

and (}=z. clay. (5) 
Equation (2) can now be written as: 

=x. sand+ y. silt+z. clay. (6) 


Pit sand found in nature is adjudged to be the 
best. It is generally angular, well-graded ; under- 
going selective deposition by sedimentation and is 
densified by long consolidation process in nature. 
Terzaghi and Peck* give a representative value of 
‘l’ cf such sand as 46°. It is thus, easy to follow 
that inferior sand have value of ‘i less than 46°. 
Therefore, the writer selects 46° as the upper limit 
of ‘!” for his work. 

It can be visualised that the value of ‘i also 
depends on the density of the soil. The maximum 
dry density is. of course, well-graded sand can be 
taken as 121 Ib./cft.’ In a generalised inference, which 
the wrifer is proposing to draw in this paper, a 
standard to which the work has to be accepted, 
the writer accepts 100 Ib/cft. as a standard dry 
density. 

Tschebotarioff* suggests that the angle of internal 
friction (‘) of the sand is directly dependent on the 
sand density and increase with it. This relation can 
be written symbolically as:— 


Wx Ys 
a Wok, y, (7) 
where k is a constant. y,=max. density of sand 


=121 Ib/cft. 
Substituting in equation (7) the values -of ‘” and 


‘ 
” 


y,, as accepted, the value of the constant, k, can be 
established as below:— 

46° =k. 121 
or k = 46/121 = 0.380 


(8) 
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Now value of ‘W for the accepted standard den- 
sity of 100 Ibs/cft. can be derived from equation (7) 
by putting the value of k as obtained in equation (8) 

¥=0.38 x 100 (9) 
Ot (v=38.0° 

In a soil containing 100 percent sand and hav- 
ing a density of 100 lb/cft, the coeflicient, x in equa- 
tion (3) will be: 

38°=x. 100 
or x=0.38 (10) 

Silt particles are physically and chemically rather 
similar to the particles in the sand fraction, the 
difference being due to the smaller size only. Like 
sand particles, their contribution to soil stability is 
is due mainly to internal friction, but slightly as 
welt to cohesion which may develop owing to 
water films present between particles. 

Saturated silt has low permeability and fails in 
the field usually under undrained conditions. There- 
fore, ‘W values of silt should be taken as obtained 
by the consolidation quick shear test in which no 
time is allowed for draining. 

Such value of ‘#’ lies between 20° and 22°.? The 
writer adopts the lower figure of 20° for his work, 
to be on side of safety. 

Silts with slight plasticity has’ maximum dry 
density greater than 100 Ib/cft. Since the writer 
has not come accross any more precise value than 
this, he adopts 100 Ib/cft. as the upper limit of den- 
sity for silt which incidently coincides with the 
standard density adopted for his work. Therefore. 
substituting the value of ‘W=20° in the equation 
(4) for 100 percent silty soil, the value of coefficient 
y, is found as below: — 
20° = y. 100 
y = 0.20 


or (11) 
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SLAY = (G77)+5 
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Experience has shown that natural masses of 
soft clay in the field, if sheared so rapidly that little 
drainage can occur, usually behave as if ‘W=0°. 
At the present state of knowledge, it is recommend- 
ed that the conservative value of (}=0°* be assumed 
But under long consolidation frocess in nature, 
hewever, clays may exhibit some frictional resist- 
ance. The writer therefore, feels that some value 
cf ‘V, however small. will be developed in clay 
used in earthen embankments. He prefers to adopt 
smail value of ‘” not exceeding 5° as the upper 
limit for his work at the assumed standard dry den- 
sity of 100 Ib/cft. : 

Now the co-efficient z. for clay in equation (5) 
will be for 100 per cent clay as follows :— 

5°=z. 100 
or z =0.05 (12) 

To sum up, the equation (6) can now be given 
the following final shape :--- 

)=0.38 sand +0.20 silt + 0.05 clay (13) 

The results obtained from this formula are com- 
pared with the actual box shear test result. The 
difference is +10 per cent which is negligible for all 
practical purposes." And therefore, the writer feels 
that his equation (13) can be safely used for finding 
out the values of ‘” instead of performing the con- 
ventional shear tests. 

The equation (13) for the assessment of ‘WV needs 
the percentage of sand, silt and clay in a soil simple. 
Sand percentage in a soil sample can be easily cb- 
tained by seiving. The silt and clay require wet 
analysis for their separation. But the wet analysis 
presents difficulties. The exact determination of 


clay seems to the writer to be almost a baffling prob- 
lem, due mainly to difficult procedure and partly to 
inexperienced hand. This forced the writer to turn 
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to other easier means for finding out the clay fraction. 

The liquid limit and the plastic limit and there- 
fore, the plasticity Index (LL-PL) have certain 
relationship with the clay fraction of the soil, as 
may be seen from Graph (1) reproduced from “Soil 
Machanics for Road Engineers”.’ Generally it may 
be said that plasticity index is a function of the 
amount of clay present in a soil. 

“When a soil contains a high proportion of 
organic matter, both the liquid limit (LL) and 
plastic limit (PL) are higher, although the plasticity 
index (PI) is similar to that of the same soil with- 
out an organic admixture”. 

Thus, to relate clay fraction with LL or PL may 
be erroneous and it is safe te try to relate with 
PI. It may, therefore, be written as 

PI is proportional to Clay. 
In case PI of a soil is zero, it will necessarily mean 
that the clay fraction is also zero ; some percentage, 
however smali, may be present there. Civil Aero- 
nautics Administration (C.A.A.) classification’ men- 
tions that a free draining non-plastic sand can have 
5 per cent of clay. (E.-1. group). Therefore, the 
writer prefers to allow 5 per cent clay in a soil to 
cause no plasticity for his work. Therefore, it can 
be written, 

Pl=k (Clay — 5) (14) 
where k is a constant and is determined as shown 
in Table II with the help of the graph (1). 

















Table II. 
DETERMINATION OF CONSTANT k FOR EQUATION 
No. (14). 
Sl. From Graph No. (1) PI=(LL-PL) PI 
No. k= — 
Clay LL PL (Clay-5) 
1. 30.0 380 22.0 16.0 16/25=0.64 
2. 350 440 240 29.0 20/30=0.67 
3. 400 50.0 25.0 25.0 25 /35=0.71 
4, 450 560 26.0 39.0 30/40=0.75 
5. 500 620 270 35.0 35 /45=0.78 
6. 55.0 67.0 28.0 39.0 39/50=0.78 
7. 600 730 29.0 44.) 44/55=0.80 
8. 65.0 79.0 30.0 49.0 49 /60=0.82 
9. 70.0 840 31.0 53.0 53/65=0.82 
10. 75.0 90.0 32.0 58.0 58/70=0.83 
Il. 800 96.9 34.0 62.0 62 /75=0.83 





‘ 
| 


Average value of k=0.77 (Approx.) 








Thus, the expression of clay determination takes 
the final shape as 
PI=0.77 (Clay — 5) 


PI 
erClay =f —-- 9 +5 (15) 
0.77 
This equaticn is represented graphically in Graph 
No. (2) for quick work. It can be seen that if PI is 
zero, the clay content will still be 5 per cent as 
envisaged by the writer. 


Sand is already known by seiving. Clay is deter- 
mined from PI of a soil by equation No. (15), the 
remainder will be silt. In this way, all the three 
constituents of a soil needed for the determination 
of ‘W by equation No. (13) are known and hence 
‘y’ can be easily computed. 

ASSESSMENT OF “c’’. 

Hogentogler’ mentions that cohesion of a soil is 
indicative of its plasticity index. We can, therefore, 
say that c=f (PI). Let the following relation be 
assumed :— 

c=k. PI. (16) 
or k=c/PI (17) 
where k is a constant. 
values of ‘c’ for different types of soils tested by 
the writer are available from column 1 at densities 
shewn in cclumn 12 of Appendix L.° The values of 
“c” are recasted at the standard density of 100 1b/ 
cft.6 The value of k as found by the writer in his 
thesis is as 25." 
Substituting the value of k=25, in the equation 
No. (16) the final equation can be wrritten as : 
c=25. PI (18) 
where c = standard value of cohesion at the 
standard density of 100 Ib/cft. 

Note: Comments on the paper are solicited, 

within 3 months after publication. 
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Technical Notes & News 





Cross-Channel Power Link 


A £610,000 contract for cross-Channel power 
cables has been placed by the Central Electricity 
Generating Board with Asscciated Electrical Indus- 
tries Limited and British Insulated Callender’s 
Cables Limited. These two cablemaking concerns 
will lay half of the cross-Chanael submarine power 
cable link which will conneci the national electricity 
systems of Britain and France. The other half will 
be laid by cablemaking companies appointed by 
Electricite de France. Thus next year the egg with 
the lion on it may be boiled by melting Alpine 
snows, and the Paris Metro could at times be 
energized by coal from British collieries. 

Differences in demand upon the British and 
French networks result in the availability of some 
hunareds oi megawatts at peak winter loads. This 
is because of the marked dissimilarity in the patterns 
of electricity consumption here and in France due 
to differences of climate, clock times, hours of work 
and habits. As planned, the connection will transfer 
160 megawatts of power from one system to the 
other at peak periods and transfer power at other 
times to meet conditions such as surplus or shortage 


of water at hydro stations. The ability of one 
country to cali upon the other for extra generating 
capacity obviates the necessity to build expensive 
additional plant—to their mutual economic advant- 
age. 

The contract calls for the manufacture and lay- 
ing of two similar 15-mile lengths of single-core 
submarine cable and two related land cables, the 
work being divided equally between BICC and AEI. 
The cables must be laid close enough to one another 
on the sea bed tc conform with the Minister of 
Transport’s requirement that at all times the magne- 
tic compass deflection caused by the cables does not 
exceed two degrees at the sea surface. 

To determine the practicability of laying the “go” 
and “return” cables simultaneously and _ closely 
spaced in a depth of some 20 fathoms and to con- 
firm the practical technique for repairing the cables 
by the jointing-in of new lengths, sea laying trials 
were carried out in mid-Channel, about 10 miles off 
Dungeness, in the autumn of 1958. The Central 
Electricity Generating Board’s 2,700-ton collier, 
m.v. Dame Caroline Haslett, was temporarily con- 


Cross-Channel Interconnector Cable Route. 
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verted for these trials by the fitting of paying out 
and cable handling gear, and it is now proposed to 
use the same ship for the cable laying operations in 
the summer of 1961 and for repair operations. Addi- 
tional alterations are required to equip the ship for 
this purpose and a contract for the work is being 
negstiated by the Generating Board with Associated 
Electrical Industries Limited. 

Technical Details 

The ccnnection between the 275,003-volt Super- 
grid in this ccuntry and the 225,06C-volt French net- 
work will be by a direct current circuit of 160,000 
kilowatts, with a 20 per cent overlead for isolated 
periods cf 30 minutes. The direct current trans- 
mission will cperate at 200,030 volts between poles, 
with its centre point earthed, and the cables will be 
insulated for a nominal voltage of 100,000 volts to 
earth. The normal full !cad current will be 800 
amperes. When complete, this submarine circuit 
wili carry the heaviest d.c. load ever transmitted 
under water. 

The Channel connection will consists of two 30- 
milz submarine cables routed between a point near 
Dungeness. Kent, and Le Portel, a suburb of 
Boulogne, with three-to four-mile secticns of land 
cable at each end. Convertor stations able to rectify 
from alternating current to direct current and invert 
from direct current to alternating current are to be 
sited at Lydd, in Kent—where connection will be 
made to the British grid system through a 275,000- 
volt line tc Canterbury—and at Echinghen near 
Boulogne. The d.c. circuit will go via underground 
cable from Lydd to a link-house at Dungencss. The 
circuit will also join the French 225,000-volt grid 
system by underground cable from the coast, at Le 
Portel, to the ccnvertor station at Echinghen. The 
depth of the Channel over the British half of the 
rcute reaches a maximum of 20 fathoms, while the 
maximum in the French half is about 30 fathoms. 


The cables themselves, as developed successfully 
from the sea trials, are of the impregnated paper in- 
sulated solid type. The submarine cable conductor 
is of 0.525 square inch in cross section and consists 
of stranded copper wire lapped with an electrostatic 
screen. The solid type impregnated paper insulation, 
also lapped externally with an electrostatic screen, is 
sheathed with lead allcy “E” which is protected 
against ccrrosion by vulcanized rubber tapes. 
Armouring is provided by a single layer of 0.232-inch 
galvanized steel wires with appropriate beddings and 
servings. The cables weigh about 39 lb per yard in 


air and about 28 !b per yard in sea water. 
Anti-iwist tapes will be applied over the lead 
sheath and under the anti-corrosion protection, these 
tapes being necessary to ensure that the cable is not 
damaged under the excessive tensions that may be re- 
quired to lift the cable cut of the sand on the sea 
bed during recovery after a possible fault. The design 


stress of these cables is about 150,000 volts/centi- 
metre at ambient temperature. 

fhe inferior heat dissipating properties of the 
soil compared with those of the sea necessitate 
using a larger conductor size for the land cable. 
Over sections of the route where the normal type 
of icam is found a conductor size of 0.6 square 
inch will be employed but, in the shingle areas 
which have very poor thermal dissipation proper- 
ties, a 0.925 square-inch conductor -will be 
necessary. 


Land Connections 

The land cable will be similar in design to the 
submariane cable, except that neither anti-twist 
tapes nor submarine anti-corrosion protection will 
be used, and the armcur wires will be considerably 
smaller in size. The section of land cable from the 
link-house will, however, be joined to the sub- 
marine cable below high water mark for thermal 
reasons, and will therefcre include anti-corrosion 
protection and have armecur wires of the same size. 
Each country will be responsible for its own land 
secticn and half of the submarine section, from the 
coast tc mid-Channel, where the cables will be 
joined tcgether. 

Thus the scene is finally set for one of the most 
ambitious submarine power transmission links ever 
to be installed. Work has already begun on the 
construction cf the Lydd convertor station and by 
1961, when the manufacture ard laying of the sub- 
marine and land cables will have been complcied, 
a new reserve cf power will be obtainable economi- 
cally in these two countries which are great indus- 
trial and domestic consumers of electricity. 

It is estimated that the cost of manufacturing 
and installing the direct current cables and asso- 
ciated equipment will be about £4,600,000. Against 
this cutlay there will be available to Britain at times 
of peak demand the equivalent of generating plant 
capacity which, if it had to be installed. would cost 
some £8,000,000. The cross-Channel interconnec- 
tion is expected to result in net annual savings to 
this country of £250,000. 


SOLIDAL 

A new opplastic insulated aluminium cable 
marketed under the name ‘Sclidal’, has been deve- 
loped by Northern Aluminium Company and its 
asscciates to make the best possible usé of Alcan 
aluminium as a conductor and P. V. C. as an in- 
sulator. Its use for power supply and industrial 
installations above and below ground carries con- 
siderable advantages. It is not only an efficient 
conductcr, but light, compact, inexpensive, and easy 
to install, for it can be laid and jointed with ease, 
and can be accurately set. 

Solidal demonstrates almost all the characteris- 
tics that make aluminium of importance to the 
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elec’ricai engineer: aluminium has a much higher 
current-carrying capacity, per pound weight and per 
pcund sterling. than any other metal; it is durable 
requiring no painting; it is the cheapest non-mag- 


4 


SOLIDAL 





netic metal ; it is also easy tc ferm and handle and 
readily welded, brazed and soldered. For further 
information abcut Sclidal consult Alcan Asia 
Limited, the eluminium specialists, P.O. Box 2121, 
Heng Kong. 


SPEED-RAMP 

The first European application cf a recently 
developed American step-saver, the moving side- 
walk, has beer placed in operation in a fashionable, 
ultramcdern department store in Lucerne, Switzer- 
land 

Capable of carrying mere than 7,900 passengers 
per hcur, the “Speed-ramp” connects a basement 
supermarket in the Inncvation Department Store 
with the building’s main entrance. 

The passenger conveyor belt system was 
engineered and built by the Stephen-Adamson 
Manufacturing Company cf Aurcra, [linois, U.S.A. 
and is equipped with « special passenger belt manu- 
factured by the Geocdyear Tire and Rubber 
Company. 

Still relatively new in America, the passenger 
ccnveycr system has twc major applications. Speed- 
walk systems developed jcintly by the two firms, 
are in use where high pedestrian volume is to be 
moved cver long distances on a herizontal plane. 
Specd-ramp systems, used singly or in multiples, 
are designed for similar high-volume locations 
where changes in level are desired. 

Systems using both types of belt conveyors are 
in operation in Chicago, Los Angeles, New York 
City, Jersey City and in “Tomecrrowland” at Dis- 
neyland. Others are being planned for shipping 


centers at Atlanta, Georgia ; San Diego, California : 
and Aberdeen. Washington; where shoppers will 


ride to stores from distant corners cf large parking 
areas. 

The Speedramp installed in the Lucerne store 
was erected as a unit in the United States and ship- 
ped overseas to be installed. 


RUBBER IN ASPHALT 

A better naticnal highway system at lower 
ultimate ccst is pcssible through use of rubber 
additives in asphalt paving materials. 

This was fpeinted out by research chemists of 
the Gccdyear Tire and Rubber Company at a 
symposium cn “rubber in asphalt”. The meeting 
was conducted by the Asphalt Institute, a world- 
wide organizaticn cf more thai 50 asphalt produc- 
ing ccmranies. 

According tc a paper prepared by Goodyear re- 
scaich men, the value of rubber in asphalt is proved 
ty the more than 2,000 miles of rubberized asphalt 
rcads now in use throughout the United States. 

Reads built with rubberized asphalt have greater 
resistance {© impact, shock and weather extremes. 
Such reads are carable cf carrying the large volumes 
of high speed traffic contemplated for an expanded 
highway system of the future. 

Actual road tests have proved the benefits of 
adding rubber to asphalt for both hct mix asphaltic 
concrete and seal coat construction. 

Physical properties of asphalt pacing materials 
are greatly improved by rubber. This results in 
greaier clasticity, ability tc withstand fluctuating 
weather conditions and longer wearing road 
surfaces. 

Another advantage is the ability of rubberized 
asphalt to stick to and hold many types of paving 
stene. Some of these cannot be held satisfactority 
by regular asphalt. This frequently makes it possible 
for rcad ccntracicrs to use locally available stone 
at significant savings. 

In paving jobs all over the country, excellent 
roa surfaces have been produced using low cost 
pea gravel with rubberized asphalt instead of much 


mcre expensive crushed limestone with regular 
asphalt. 

Goodyear’s experience with rubber in paving 
materials dates back to 1925, when the company 
surfaced a secticn of cn cf Ohio's busiest streets 
with rubber paving blocks. This pavement still is 
in <xcellent condition today. 

Rubber paving blocks, however, proved too cost- 
ly, but the success cf America’s first rubber pave- 
This 
led to development by Gocdycar of Rubarite, a 
synthetic rubber mineral powder ncw commercially 


ment stimulated research along these lines. 


produced for paving applicatiotis. 





Editorial 


Engineers as Administrators 


The time has come when engineers should review 
their pesition and capability regarding the execution 
of important projects. So far engineering has been 
mainly connected with the technical and scientific 
design and constructicn of projects and the connect- 
ed functions of management, exccution and adminis- 
traticn have been assumed to fall in line with the 
requirements cf the projects. Lately, however, the 
position has arisen where the executive and mana- 
gerial hurdles have blocked the progress of an 
otherwise sound technical job. This sort of develcp- 
ment is unfortunate because not cnly dces it hamper 
progress, but it also shakes the faith of the people 
in engineering leadership. For this reason the pers- 
pective of engineers needs to be reoriented as dis- 
cussed below. 

So far the training cf engineers has centred round 
the technical side, the thecry and the formule need- 
ed and the technical assumptions made in the design 
of structures. This indeed is the essence of an 
engineer’s training, but by itself it does not com- 
plete the objectives which have to be fulfilled in an 
engineer’s career. There are a number of factors 
net connected with engineering technology but with 
economics and the human problems which are 
asscciated with the project. This being so, it is as 
important, if not more, for the engineer te be able 
to cope with the managerial aspect rather than the 
technical aspect cnly. But Ict us see how far an 
engineer’s training incorporates this requisite. In 
the college right up tc the master’s degree, there is 
hardly a course in the syllabus bearing on economics 
or human relations. Even though the engineers rise 
to administrative positions at superintending engi- 
neer’s level, they have not been put through an 
administrative ccurse. This is a gap which needs to 
be filled up urgently. 

There is so much frustration now about projects 
delayed, estimates exceeded and the potential not 
utilised, that we must secure a reorientation in the 
third Five Year Plan period. Firstly the curriculum 
of the universities should be revised to include for 
an engineering degree, economics, labour laws and 
public relations. Secondly the specific projects 
under execution should include chapters which deal 
with their effects and the economy of the region 
within overall economy of the country. Again the 
employment potential and the building of practical 
specialisation in the technical field must receive 
precedence. 

Some private organisations—the cil companies 
for instance—have devised expensive courses for the 
training of their executives and management person- 
nel. They insist that the officers of the rank of dis- 


trict managers, should be made to attend staff 
ccurses fer which management experts are invited. 
In these courses, the officers are given vertain recog- 
niscd management principles set out in special litera- 
turre so that they can apply this knowledge to the 
problems and operations which arise in their own 
sphere. Discussions are held in the manner of 
sympcsia or seminars and there is an informal ex- 
change of ideas and opinions between the officers. 
The findings arrived at during discussnons are fur- 
ther debated in the presence of the experts who 
participate in the proceedings simultaneously explain- 
ing the modern view points of management and the 
aj clicaticns therecf to the specific problems posed. 
The same applies to the refresher courses which are 
ccnvened by the Government of India agencies in res- 
pect of the Indian Administrative Service and the 
Indian Police Service. It is high time that similar 
courses were crganised for engineers so that the pro- 
jects are enriched by reviews which will be carried 
cut by the engineers whe uptil now have mainly 
ccntented themselves with giving the severely techni- 
cal and design point of view to the projects. 

There will be quite an extensive application of 
the principles of econcmics when these are brought 
to bear on the current problems of, say, the irriga- 
ticn and power sector. To take cne instance by way 
cf illustration, it is being given out that due to 
various reasons, the revenues from the irrigation pro- 
jects are dropping and such projects will in future 
be net so attractive financially. There is a fallacy 
in this view because it does not take into account 
the necessity for the upward revision of water rates 
which is now long overdue. It is well known that the 
yield frem an irrigated acre is nearly one and a half 
times te twice the yield that can be had without irri- 
gation. Similarly the rates of commodities have 
increased several times (upto six times) in the last 
30 years. All the same there has been no propor- 
tionate increase in the water rates. The cost of 
censtruction and maintenance has gone up. There- 
fore, it is inevitable that the irrigation projects will 
be a losing concern till the rates are increased. Also 
there is power to be considered. Each multipurpose 
project gives irrigation, power and possibly flood 
control. There should be a balance of allocation of 
charges between all these subheads. If that is done 
the overall returns from a project invelving control 
and regulated utilisation of water will be definitely 
remunerative. It is in this way that an engineer 
cf today has to present his point of view and this 
gees much beyond the technical aspect of engineer- 
ing. 

For the refresher courses there will be an evident 
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necessity to obtain teachers of suitable experience 
and calibre. For this purpose we have to attach the 
highest priority to the best brains in the country being 
diverted to our universities and teaching institutions. 
The same has already been the practice in Germany, 
U.S.S.R., Britain and the United States of America. 
Similarly we should induce engineers who have 
reached an eminent position in their profession to 
devote their time to teaching. In this way they will 
be able to pass the torch of their knowledge to the 
succeeding generations, thus adding to the store 
house or know-how with which the problems of 
India’s developing economy will be solved. 


There is no doubt that for reaching high standards 
of quality we should obtain the services cf foreign 
experts for some of our teaching institutions. But 
that should not reduce our own responsibility. The 
burden has te be ours first and last. Many of the 
retiring and retired engineers, who have got the 
credit of a life-time experience, should be induced to 


Hydraulic 
[Continued from page 28 


D runner discharge diameter in inches 
C 0.26 for prepeller 
0.29 for Kaplan 
0.03-0.11 for Francis 
Another 
CD’ H,, 
Thy = ————- (37) 
2.94 


Hm maximum head 
C  Ns/250 for Francis 
0.9 for propeller cr Kaplan 

The weight of the runner may be arrived at 
Wt. in Lbs. = KD 
diameter in inches 
0-24 for single piece Francis 
0.03 for large Francis units 
0-009 for Propeller turbine 
0.018 for Kaplan turbine 

In the case of the Francis turbine the internal 
construction may be arranged so that the hydraulic 
thrust is minimised but for propeller and Kaplan 
turbines no reduction is possible. Since these axial 
flow runners consist of only the blades and a hub 
there are no balancing chambers or areas that limit 


(38) 
D 
K 
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offer their thoughts and time to this national work. 
The Government and the other managerial leaders 
should make this offer attractive enough for the 
best talent to be brought into the forum of teachers 
in engineering universities and special advanced 
courses. 


if the above policy is followed, there is hardly any 
doubt that a fair number of engineers will automati- 
cally find their way into the top most tiers of leader- 
ship in this country. In Russia, the United States 
and Britain, the position of minister is often occupied 
by engineers who have risen to the top ranks of their 
profession. The same should happen in India if we 
are to derive the fullest benefit of the resources 
which are limited. It is expected that with the 
focussing of attention on the achievement of physi- 
cal targets, this aspect of the management cf projects 
by engineers will come to the forefront and the fullest 
emphasis will be extended to the training of engi- 
neers in the field of administrative functions. 


Turbines—II 


the thrust. The design cf the high capacity thrust 
bearings required for Kaplan turbines is signifi- 
cantly effected by the runaway speed. 


Plant Bearing capacity 
in tons 
Kembs 700 
Schwerstadt 900 
Ottmarsheim 1300 
Priest Rapids 1600 
McNary 1740 
Aswan 1600 
Blondel 1400 


With the development of Large Kaplan turbines 
the thrust bearings of increased capacity are being 
required. With bearings approaching 10 ft. diame- 
ter polishing methods of the surfaces have to be 
improved. Lapping process similar to that used in 
glass industry is now being adopted. Precision 
machinery installed in air-conditioned rooms opti- 
cal straight edges make it now possible tc manu- 
facture the bearings to the highest degree of 
standards. 


(To be concluded) 








Dr. B. K. R. Prasad has been our regular 
coniributcr and hardly needs any introduction. 


V. M. Deshpande ‘ook ihe degree of B. E. 
(Civil) of the University of Poona in 1955 through 
the New Engineering College Sangli (now Walchand 
College of Engineering). 
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Row is with M/s Larsen 
and Tcubrc Limited, post- 
ed at their Delhi office. 
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duated trom the University of 
Bombay in 1944. After two 
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P.W.D., hc jcined the staff at 
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till 1947. From 1948 to 1954, 
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neering at the University of 
Rocrkee from where he came 
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SOME SPECIAL ISSUES OF 


JOURNAL OF MINES, 


METALS & FUELS 


(/ncorporating Indian Mining Journal) 


“COAL INDUSTRY IN INDIA”’—carrying 45 Papers by 
leading authorities read at the symposium on India’s Coal 
Industry organised jointly by the Geological, Mining and 
Metallurgical Society of India and Indian Mining Journal. 
The articles provide a valuable and comprehensive survey 
of the coal industry in India. Price Rs. 7/8/- 


“COAL WASHING IN INDIA"—carrying 23 Papers read 
at a symposium on Coal Washing organised by Central Fuel 
Research Institute. These contributions by experts in the 
field of fuel research make an almost exhaustive study on a 
high technical level of all aspects of coal washing in India. 


Price Rs. 5/- 


“METHODS OF WORKING COAL IN INDIA’’—carry- 
ing speeches delivered, papers read and discussions held at 
the Second Mining Conference organised by the National 
Association of Colliery Managers (Indian Branch). 


Price Rs. 12/- 


Place your orders with: 


“ECAFE NUMBER’’—carrying articles on many important 
aspects of geology and minerals by officers of the Geological 
Survey of India—published in commemoration of ECAFE 
meeting on Geological Map and Mineral Resources Develop- 
ment of Asia and the Far East, held in Calcutta from 
November 4 to 16, 1957. Price Rs. 5/- 


“MINERAL BENEFICLATION Xx EXTRACTIVE 
METALLURGICAL TECHNIQUES’’—carrying 57 Papers 
from eminent scientists and technologists read at a sympo- 
sium held at the National Metallurgical Laboratory, Jamshed- 
pur, from February 8 to 11, 1957. Price Rs. 15/- 


“COAL CARBONIZATLON’—Carrying 65 papers from 
eminent scientists and technoligists read at a_ symposium 
held at the Central Fuel Research Institute, Dhanbad, in 


March 1957. Frice Rs. 20/- 
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Polyethylene 


INDUSTRIAL PRO 
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Pipe made from “Union Carbide” 
Polyethylene takes water anywhere on your 
farm. It is light-weight and easy to install ... 
you can haul and handle it yourself. Being 
chemically inert, pipe made from ‘Union 
Carbide’’ Polyethylene won’t rust, scale or be 
affected by soil acids. 

Write to us and we shall be happy to place 
you in touch with menufacturers of pipe made 
from ‘‘Union Carbide” Polyethylene. 

Union Carbide India Limited will soon 
manufacture Polyethylene at Trombay Island, 
Bombay. 


DUCTS SALES DIVISION 


UNION CARBIDE INDIA LIMITED 


Formerly NATIONAL CARBON COMPANY (INDIA) LTD. 


BOMBAY e@ CALCUTTA @ ODELHI e@ MADRAS 
The term UNION CARBIDE is a registered trade mark of Union Carbide Corporation, U.S.A. NCC 3634 
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In addition to the three major essential 
materials— Towers, Insulator Hardware and 
ACSR and Aluminium Conductors — EMC 
manufactures all other types of transmission 
line equipment in its various Works, and 
is constantly adopting new techniques to 
make its products comparable to the best 
manufactured anywhere else in the world. 
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TOWERS ELECTRICAL MACHINES CORPN. PRIVATE LIMITED 
CULM aaa ELECTRICAL MANUFACTURING COMPANY LIMITED 
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